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(54) Title: HETEROCYCLIC AMIDE COMPOUNDS AS CELL ADHESION INHIBITORS 
(57) Abstract 

Compounds of formula (I) arc antagonists of VLA-4 anHMr ^ a ^ a 
adhesion and ceil-adhesion mediated pathologies These t^tt^^^Hc ""^^^f ^ f ^ "^ft'* i" inhibition or prevenUon of cell 
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TITLE OF THE INVENTION 

HETEROCYCXIC AMIDE COMPOUNDS AS CELL ADHESION INHZBITORS 

SUMMARY OF THE INVENTION 

The compounds of the present invention are antagonists of 
the VLA-4 integiin CVeiy late antigen-4-; CD49d/CD29; or a4pi) and/or 
the a437 integrin (LPAM-1 and OLtPp), thereby blocking the binding of 
VLA-4 to its various Hgands, such as VCAM-1 and regions of fibronectin 
and/or a4p7 to its various Ugands, such as MadCAM-1. VCAM-1 and 
fibronectin. Thus, these antagonists are useful in inhibiting cell 
adhesion processes including cell activation, migration, proliferation 
and difFerentiation. These antagonists are useful in the treatment 
prevention and suppression of diseases mediated by VLA-4 and/or a4p7 
binding and ceU adhesion and activation, such as multiple sclerosis, 
asthma, allergic rhinitis, aUergic coiyunctivitis. inflammatory lun^ 
diseases, rheumatoid arthritis, septic arthritis, type I diabetes, organ 
transplantation, restenosis, autologous bone marrow transplantation 
inflammatory sequelae of viral infections, myocarditis, inflammatory' 
bowel disease including ulcerative coUtis and Crohn's disease, certain 
types of toxic and immune-baaed nephritis, contact dermal 
hypersensitivity, psoriasis, tumor metastasis, and atherosclerosis. 

BACKGROUND OF THE INVENTION 

The present invention relates to heterocycUc amide 
derivatives which are useful for the inhibition and prevention of 
leukocyte adhesion and leukocyte adhesion-mediated pathologies This 
mvention also relates to compositions containing such compounds and 
methods of treatment using such compounds. 

Many physiological processes require that ceUs come into 
close contact with other cells and/or extracellular matrix. Such 
adhesion events may be required for ceU activation, migration 
prohferation and differentiation. CeU-cell and cell-mata^c interactions 
are mediated through several families of cell adhesion molecules 
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(CAMS) including the aelectins. integrins. cadherina and 
immtmoglobulina. CAMs play an essential role in both normal and 
pathophysiological processes. Therefore, the targetting of specific and 
relevant CAMs in certain disease conditions without interfering with 
normal ceUular functions is essential for an eflFective and safe 
therapeutic agent that inhibits cell-ceU and cell-matrix interactions. 

A « „ ^^^erin superfamUy is made up of structurally and 

functionally related glycoproteins consisting of a and 0 heterodimeric 

transmembrane receptor molecules found in various combinations on 
nearly eveiy mammalian ceU type, (for reviews see: E. C. Butcher CeU 
SL 1033 (1991); T. A. Springer. Q^, 2S. 301 (1994); D. Cox et al 4e 
Pha^acology of the Integrins." Medirfnal RPfff^t^rrh ffny.j^. 195 (1994) 
and V W. Engleman et al.. -Cell Adhesion Integrins as Phannaceutical 
Targets, m Ann. Rppt^ in Medirinql Chmi^tr s t . Vol. 31, J. A. Bristol 
Ed.; Acad. Press, NY. 1996, p. 191). ' 

VLA-4 ("very late antigen-4-; CD49d/CD29; or 04^1) is an 
integrin expressed on all leukocytes, except platelets and mature 
neutrophils, including dendritic cells and macrophage-like cells and is 
akey mediator of the cell-cell and cell-matrix interactions of of these cell 
^es (see M. E. Hemler. -VLA Proteins in the Integrin Family- 
Structures. Functions, and Their Role on Leukocytes." Ann R.^ 
Imnumfll. fi. 365 (1990)). The ligands for VLA-4 include vascular cell 
a^^on molecule-l (VCAM-1) and the CS-l domain of fibronectin (FN). 
.^"Z ' n "I superfamily and is expressed in uivo on 

endo^^ ceUs a «tes of inflammation. (See R. Lobb et al. "Vascular 

^a^.T° r irt I " Mechanisms of 

Laflammatxon C. G. Cochrane and M. A. Gimbrone. Eds.; Acad. Press 
San D,ego. 1993. p. 151.) VCAM-l is produced by vascular endotheHal 
InH W ^"^""^ *° Pro-iBflammatory cytokines (See A. J. H. Gearing 
and W. Newman. "Circulating adhesion molecules in disease " 
fa m unol Tod fiZ. 506 (I993). The CS-l domain is a 25 amino add 
sequence that arises by alternative splicing within a region of 
fibronectxn. (For a review, see R. O. Hynes -Fibronectins.-. Springer- 

-2- 
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Velag. NY. 1990.) A role for VLA-4/CS-1 mteractiona in inflammatory 
conditions has been proposed (see M. J. EUces, "The integrin 04^1 (VLA- 

4) as a therapeutic target" in Cell Adhe>,mn >.nH W p^nrm- Ciba 

Found. Symp., John Wiley & Sons, NY, 1995, p. 79). 

04^7 (also referred to as LPAM-l and Q4Pp) is an integrin 
expressed on leukocytes and is a key mediator of leukocyte backing 
and homing in the gaatrointeatinal tract (see C. M. Parker et al Proc. 
Natl. Acad, gci , fla, 1924 (1992)). The Uganda for 04^7 include 
mucosal addressing cell adhesion molecule-1 (MadCAM-1) and. upon 
activation of a4p7. VCAM-1 and fibronectin (Pn). MadCAM-1 is a 
member of the Ig superfamily and is expressed in vivo on endotheUal 
cells of gut-associated mucosal tissues of the smaU and large intestine 
(-Peyer'a Patches") and lactating mammary glands. (See M. J. Briskin 

et aL. lialattfi, as. 461 (1993); A. Hamann et al.. J. T 1 ^gg. 3282 

(1994)). MadCAM-1 can be induced in vita™ by proinflammatory stimuli 
(See E. E. Sikorski et al. J, ImTTnmol . 2SL 5239 (1993)). MadCAM-1 is 
selectively expressed at sites of lymphocyte «rtravaaation and specifically 
binds to the integrin, 04^7. 

Neutralizing anti.a4 antibodies or blocking peptides that 
inhibit the interaction between VLA-4 and/or a4p7 and their Uganda 
have proven efiScacious both prophylactically and therapeuticaUy in 
several animal models of disease, including i) experimental allergic 
encephalomyeUtis, a model of neuronal demyeUnation resembUng 
multiple sclerosis (for example, see T. Yednock et al., "Prevention of 
expenmental autoimmune encephalomyeUtis by antibodies against 04^1 
integrin.- liafaos, 366, ffl (1993) and E. Keszthelyi et aL, "Evidence for a 
prolonged role of 04 integrin throughout active experimental allergic 
encephalomyeUtis." Nsurology, 1053 (1996)); ii) bronchial 
hyperresponaivenesa in sheep and guinea pigs as models for the various 
phases of asthma (for example, see W. M. Abraham et al., -a4-Integrins 
mediate antigen-induced late bronchial responses and prolonged airway 
hyperresponsiveness in sheep." J. Clin Jr.^^^ 773 (1993) and A. A. 
Y. Milne and P. P. Piper, Hole of VLA-1 integrin in leucocyte 

-3- 
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recmitment and bronchial hyperreaponsiveneas in the gunea-pig - Ejir. 

a model of mflanunatory arthritia (see C. Barbadillo et al.. -Anti.VLA-4 
mAb prevents adjuvant arthritis in Lewis rats." Arthr Rh««™« 

antibody to VLA-4 on leukocyte adhesion and course of disease in 
adjuvant arthritis in rats." I^msmuateL & 12 (1996)); iv) adoptive 
autoimmune diabetes in the NOD mouse (see J. L. Baron et al "The 
pathogenesis of adoptive murine autoimmune diabetes ren».v " 
interaction between a4-integrins and vasculitet aSeTorro^ule- 

adb f -^"" ' I"''?; ^ ^^^^-^ et al.. "Vascular cell 

adhesxon molecule-Ig fusion protein selectively targets activated a4- 

mtegnn receptors in vivo: Inhibition of autoimmune diabetes in an 

938 (1995) and X. D. Yang et al.. Involvement of beta 7 integrin and 
mucosal addressin ceU adhesion molecule-l (MadCAM-1) in the 

(iT^TT T'^l^ " mice-. Diabetes. 46. 1542 

a997) ; V) cardiac allograft survival in mice as a model of organ 
b-ansplantation (see M. Isobe et al.. "Effect of anti-VCAM-l and anti- 
VLA-4 monoclonal antibodies on cardiac allograft survival and response 
t f " ^anplant Pm. 867 (1994) and S 

Molossi et al.. -Blockade of vexy late antigen^ integrin binding to 
fibronectm with connecting segment-1 peptide reduces accelerated 

arSs^.T**'^^ '"""^ aliog«ifts.-.LiaiaW.. ^ 

2601 (1995)); v,) spontaneous chronic coUtis in cotton-top tamarins which 
resembles human ulcerative colitis, a form of inflammatory b™ 

^Z^uJ'^^T'' ^ ^ ' Cotton-top 

sirraat") 'rrr antibody.-..u2ii,,j^3j/ 

372 (1993)). vu) contact hypersensitivity models as a model for skin 
aUergic reactions (see T. A. Ferguson and T. S. Kupper. "Antigen- 
mdependent processes in antigen-specific immunity - ^Immunol 
m m2 (1993) and P. L. Chisholm et al.. "MonZTal'^^^S^ie 
Integra a-4 subunit inhibit the murine contact hypei^ensitivit; 
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response." Ettr, J. TminnTlol . a, 682 (1993)); viii) acute neurotome 
nephritis (see M. S. MuUigan et al., "Requirements for leukocyte 

"^"^^"^^ ^ nephrotoxic nephritis.-, J. CUr. T.^,o. gi. 577 
(1993)); K) tumor metastasis (for examples, see M. Edward. Tntegrins 
and other adhesion molecules involved in melano«ytic tumor 
progression.-. Curr. Opin Onml , Z 186 (1995)); x) experimental 
autounmune thyroiditis (see R. W. McMurray et al., "The role of a4 
integrin and interceUular adhesion molecule-1 (ICAM-1) in murine 

«q.enmental autoimmune thyroiditis.- Autoin, 9 (1996); and 

XI) ischemic tissue damage following arterial occlusion in rats (see F 
Squadnto et al.. "Leukocyte integrin very late aatigen-4Arascular cell 
adhesion molecule-1 adhesion pathway in splanchnic arteiy occlusion 
shock.- Eur. J. PhnrmnrnL m 163 (1996; xii) inhibition of TEJ2 T-ceU 
cytokine production including IL-4 and II.5 by VLA-4 antibodies which 
would attenuate allergic responses (J.Clinical Investigation m 3083 
(1997). The primary mechanism of action of such antibodies appears to 
be the inhibition of lymphocyte and monocyte interactions with CAMs 
associated with components of the extracellular matrix, thereby limiting 
leukocyte migration to extravascular sites of iiyuiy or inflammation 
and/or limiting the priming and/or activation of leukocytes, 
irr A ^ additional evidence supporting a possible role for 

mteraddons in other diseases, including rheumatoid arthritis- 
various melanomas, carcinomas, and sarcomas; inflammatory lung' 
disorders; acute respiratory distress syndrome (ARDS); atherosclerotic 
plaque formation; restenosis; uveitis and circulatory shock (for 
examples, see A. A. Postigo et al.. The 04P1/VCAM-I adhesion pathway 
in physiology and disease.-. Rea. Tminnnol , 1^ 723 (1994) and J -X. 
Gao and A. C. Issekutz, -Expression of VCAM-l and VLA-4 dependent 
T-lymphocyte adhesion to dermal fibroblasts stimulated with 
proinflammatory cytokines.- Immunol ffi, 375 (1996)), 

At present, there is a humanized monoclonal antibody 
(Antegren® Athena Neurosdences/Elan ) against VLA.4 in clinical 
development for the treatment of -flares- associated with multiple 

-5- 
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15 



20 



sclerosis and a humanized monoclonal antibody (ACT-l®/LDP-02 
LetikoSite) against 04^7 in clinical development for the treatment of 
inflammatory bowel disease. Several peptidyl antagonists of VLA-4 have 
been described (D. Y. Jackson et al., "Potent a4Pl peptide antagonists as 
potenti^ anti.inflammatory agents", J. Mffd Chfm 4Q. 3359 (1997); H. 
N. Shroff et al., "Small peptide inhibitors of a4p7 mediated MadCAM-1 
adhesion to lymphocytes". Bioorg MpH ry^^jj, j,^^ ^ 2495 (1996); US 
5,510,332. WO97/03094, W097/D2289, WO96/40781, W096/22966 
WO96/20216, W096«)1644, WO96/06108. W095/15973). There is one report 
of nonpeptidyl inhibitors of the Ugands for o^-integtins (WO96/31206) 
•niere still remains a need for low molecular weight, specific inhibitors 
of VLA-4. and a4P7-dependent cell adhesion that have improved 
pharmacokinetic and pharmacodynamic properties such as oral 
bioavailabiUty and significant duration of action. Such compounds 
would prove to be useful for the treatment, prevention or suppression of 
vanoua pathologies mediated by VLA^ and a4P7 binding and cell 
adhesion and activation. 

DETAILED DESCRIPTION OF THE INVENTION 

One aspect of the present invention provides a method for 
the treatment of diseases, disorders, conditions or symptoms mediated 
by cell adhesion in a mammal which comprises administering to said 
mammal an effective amount of a compound Formula I: 



25 ^ 

I 



, V o R*R^ 



or a pharmaceutically acceptable salt thereof wherein: 
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R^ia 1) Ci-ioalkyl, 

2) C2.ioaIkenyl, 

3) C2.l0alkynyl, 

4) Cy, 

5) Cy-Cl-lOalkyl, 

6) Cy-C2-10alkenyl, 

7) Cy-C2.10alkynyl, 

wherein alkyl. alkenyl, and alkynyl are optionally substituted with one to 
four subatatuents independently selected from Ra; and Cy is optionaUy 
substituted with one to four substituents independently selected from Rb; 

R^is 1) hydrogen, 

2) Ci.ioalkyl, 

3) C2.ioBlkenyl, 

4) C2-ioalkynyl, 

5) aryl, 

6) aryl-Ci.ioalkyl, 

7) heteroaryl, 

8) heteroaryl-Ci_ioal^l, 

wherein alkyl. alkenyl, and alkynyl are optionally substituted with one to 
four substituents independenUy selected from R*; and aryl and 
heteroaryl optionally substituted with one to four substituents 
independentiy selected fixmi R^; 

is 1) hydrogen. 

2) Ci-io alkyl. 

3) Cy, or 

4) Cy-Ci.io alkyl, 

wherein alkyl is optionally substituted with one to four substituents 
independentiy selected from Ra; and Cy is optionaUy substitiited witii 
one to four substituents independentiy selected fit>m Rb; 

R'*js 1) hydrogen, 

-7- 
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2) Ci-ioallgrl, 
3 C2.l0alkenyl, 

4) C2-loallqmyI, 

5) Cy. 

6) Cy-Ci-ioalkyl, 

7) Cy-C2-ioalkenyl. 

8) Cy-C2.10al]Qaiyl, 

wherein alkyi, alkenyl and alkynyl are optionidly substituted with one to 
four substituents selected from phenyl and Rx, and Cy is optionaUy 
substituted with one to four substituents independently selected from Ry- 
or ' 

R3, R4 and the atoms to which they are attached together form a mono- 
or bicychc ring containing 0-2 additional heteroatoms selected from N O 
and S; ' 

is 1) hydrogen. 

2) Ci.ioaikyl, 

3^ C2.ioalkenyl, 

^) C2-ioalkynyl, 

5) aryl, 

6) aryl-Ci.ioalkyl, 

7) heteroaryl, 

8) heteroaryl-C i.xoall^i, 

wherein alkyl. alkenyl and alkynyl are optionally substituted with one to 
four substituents selected from Rx. and aryl and heteroaiyl are 
optionaUy substituted with one to four substituents independentiy 
selected from RJ; or 

R4. R5 and the carbon to which they are attached form a 3-7 membered 
mono- or bicycUc ring containing 0-2 heteroatoms selected from N. O and 
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Bfi, R7, and R8 are each independently selected from the group 
consisting of 

1) a group selected from R«», and 

2) a group sheeted from Rx; or 

two of R6. R7, and R8 and the atom to which both are attached, or two of 
R6, R7. and R8 and the two adjacent atoms to which they are attached, 
together form a 5-7 membered saturated or ifnsaturated monocyclic ring 
containing zero to three heteroatoms selected from N, O or S, 

R« is D Cy, or 

2) a group selected from Rx; 
wherein Cy is optionally subsituted with one to four subatituents 
independently selected &om RC; 

R^ is Da group selected from Ra, 

2) Ci-io alkyl, 

3) C2-10 alkenyl, 

4) C2-10 aliynyl, 

5) aryl Ci-ioallQrl, 

6) heteroaryl Ci-io allsyl, 

wher«in alkyl, alkenyl, alkynyl. aiyl. hetaroaiyl are optionally 
substituted with a group independently selected from RC; 

RCis 



D 


halogen. 


2) 


N02, 


3) 


C(0)ORf, 


4) 


Ci.4alkyl, 


6) 


Ci«4alkojqr, 


6) 


aryl. 


7) 


aryl Ci.4alkyl, 


8) 


aryloxy, 


9) 


heteroaryl, 


10) 


NRfRg, 
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11) NRfC(0)Rg, 

32 NRfC(0)NRfRg, or 

13) CN; 



Rd and Re are independently selected from hydrogen. Cuoalfcyl. C2-10 
alkenyl. C2.ioalkynyl. Cy and Cy Ci.ioalkyl. wherein alkyl. alkenyl 
alkynyl and Cy is optionally substituted with one to four substituents' 
independently selected from RC; or 

Rd and Re together with the atJms to which they are attached form a 
heterocychc nng of 5 to 7 members containing 0-2 addition^ 
heteroatoms independently selected from o^gen, sulfur and nitrogen; 

tc^^Z ^^^P^"'^:"'^^ ^'^'^ hydrogen. Ci.ioalkyl. Cy and 
Cy-Ci.ioalkyl wherem Cy is optionally substituted with Ci-ioalkyi- or 
R and Rg together with the carbon to which they are attached fon^ a 
nng of 5 to 7 members containing 0-2 heteroatoms independently 
selected from oxygen, sulfur and nitrogen; 



rH 



IS 



1) 


hydrogen. 


2) 


Cl-lOallQrl, 


3) 


C2-10alkenyl, 


4) 


C2.l0aUQmyl, 


5) 


cyano, 


6) 


aryl. 


7) 


aryl Ci.ioalkyl, 


8) 


heteroaryl. 


9) 


heteroaiyl Ci-iQalhyl, 


10) 


-S02Ri; 



^if^'' '''^'^ .r^iitatU with one to 

fimr sutrtituents mdependenUy Belect«l from Ra; „d ^, ^ 

«. each optionally sr.bs,it^ ^ f„„ subatituent, 

mdependently selected from Rb; 
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1) Ci-ioalkyl, 

2) C2-I0alkenyl, 

3) C2.ioalkynyl, or 

4) aiyl; 

wherein alkyl, alkenyl. alkynyl and aryl are each optionaUy substituted 
with one to four aubstituents independently selected from RC; 



RXis 1) 


-ORd, 


2) 


-N02. 


3) 


halogen 


4) 


-S(0)mRd, 


5) 


-SRd, 


6) 


-S(0)20Rd 


7) 


-S(0)mNRdRe 


8) 


-NRdRe, 


9) 


-0(CRfRg)nNRdRe, 


10) 


-C(0)Rd^ 


11) 


-C02Rd,' 


12) 


-C02(CR^nC0NRdRe, 


13) 


-OC(0)Rd, 


14) 


-CN. 


15) 


-C(0)NRdRe^ 


16) 


-NRdc(0)Re, 


17) 


-OC(0)NRdRe, 


18) 


-NRdc(0)ORe 


19) 


-NRdc(0)NRdiie 


20) 


•CRd(N-ORe), 


21) 


-CP3. 


22) 


ozo. 


23) 


NRdC(0)NRd S02Ri, 


24) 


NRds(0)n,Re, 


25) 


-0S(0)20Rd, or 


26) 


-0P(0)(0Rd)2; 



-u- 
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^ ^ Da group selected from Rx, 

2) Ci-io alkyl, 

3) C2-10 alkenyl, 
5 4) C2-10 alkynyl, 

5) aiyl Ci-ioalkyl, 

6) heteroaryl Ci-io aUkyl, 

7) cycloallgrl, 

8) heterocyclyl; 

10 wh«^ alkyl. alkenyl. alkynyl and aiyl are each optionally substituted 
with one to four substituenta independently selected from RX; 

Cy ia cycloalkyl, heterocyclyl, aiyl. or heteroaryl; 

15 m is an integer from 1 to 2; 

n is an integer fi^m 1 to 10; 

X is 

20 



25 



Yis 



30 



1) 


-C(0)ORd, 


2) 


-P(0)(ORd)(ORe) 


3) 


-P(0)(RdKORe) 


4) 


-S(0)inORd, 


5) 


-C(0)NRdRh, or 


6> 


-5-tetrazolyl; 


1) 


-C(0)., 


2) 


-O.C(0)., 


3) 


-NRe.c(0)., 


4) 


-S(0)2-, 


5) 


- P(0)(0R4) or 


6) 


C(0)C(0); 



Z and A are independently selected from -C- and -C-C-; 

-12- 
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B is selected firom the group consisting of 

1) a bond, 

2) -C- 

3) -C-C-, 

3) -C=C-, 

4) a heteroatom selected fi-om the group consisting of 
nitrogen, oxygen, and sulfur; and 

5) -S(OW. 

In one embodiment of the method compounds of Formula I 
are tLose wherein Y is S(0)2 and Rl is Ci.ioalkyl, or Cy^i l^l 
wherein alkyl is optionally substituted with one to two substituents 
independently selected from Ra, and Cy is optionally substituted with 
one to four substituents independenUy selected from Rb. 

In another embodiment of the method compounds of 
Formula I are those of formula la, lb or Ic. 

In another embodiment, the cell adhesion is mediated by 



20 Another aspect of the present invention provides novel 

compounds of Formula la: 



26 



04 R4R 



la 



or a phannaceuticaUy acceptable salt thereof, wherein the variables are 
asd^ned ^der formula I with the proviso that R6/R7 is not 0x0 when 
attached to the carbon between N and B. and with the further proviso 
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that when B and Z are each C, R2. R3, r6. and R7 are each H, then Rl is 
other than phenyl, 4-methylphenyl and 5KNRdRe)naphthyl. 

In one subset of Formula la are compounds wherein Z is C. 

In another subset of Formua la are compounds wherein B 
IS C, C=C, C-C or S. Preferably B is C or C=C. 

In another subset of Formula la are compounds wherein X 

is C(0)ORd. 

• n ,^ another subset of Formula la'are compounds wherein 
RA IS Ci.ioalkyl. Cy or Cy-CMQalkyl wherein alkyl is optionally 
substituted with one to two substituents independently selected from Ra 
and Cy is optionally substituted with one to four substituents 
independently selected from Rb. For the purpose of Rl Cy is preferably 
aiyl optionally substituted with one to four substituents selected from Rb 
More preferred Rl is phenyl with a substituent on the S-position and 
^T""^ substituent; the more preferred substituents are 
selected from Ci.iQalkoxy, halogen, cyano. and trifluoromethyl. 

p2 • w o a^iotlier subset of Formula la are compounds wherein 
R2 IS H or Ci.6alkyL Preferred R2 is H or Ci.galkyl. more preferably H 
or methyl. 

tj3 • « ^ another subset of Formula la are compounds wherein 
R3 is H or Ci.6alkyl. Preferred R3 is H or Ci-salkyl. more preferably^ 
or methyl. 

P5 - w °f Formula la are compounds wherein 

R5 « H and R4 IS Ci-ioalkyl or Cy-Ci.ioalkyl, wherein alkyl is optionally 
substituted with one to four substituents selected from phenyl and Rx 
and Cy IS optionally substituted with one to four substituents 
independently selected from RJ; or R4 r5 and the carbon to which they 
are attached together form a 3-7 membered mono- or bicycUc carbon only 
rmg. For the purpose of R4. Cy is preferably aryl, more preferably 
phenyl. In a preferred embodiment, R4 is phenyl-CLgalkyl, wh^ein 
phenyl is optionally substituted with one or two groups selected from Ry. 

In one embodiment of compounds of formula la are 
compounds of formula lb: 
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lb 



5 wherein R2 is H or Ci.6 alkyl, and Rl. r3. r4 and R5 a« as defined 

previoualy under Formula 1. In a preferred embodiment X is C02H- Rl 

Pb*?2°'' w ^^'"^^^^ ^ fo-r substituents selected fi^ 

Rb; R2 IS H; R3 xs H or C1.3 alkyl; R4 is phenyl-CLSalkyl. wherein 

phenyl is optionally substituted with one or two groups selected fi^m Ry • 
10 and R5 is H. ' 

Another embodiment of compounds of Formula la are 
compounds of the formula Ic: 



Ic 



wh«^ R2 is H or C1.3 alkyl. R6 is H. C1.6 alkyl, axyl. ORd SRd 
NRdRe or NRdc(0)Re B is S. C=C. C or C^. R3 is H or Ci-galkyl, Rb 

and Ry are as defined under Formula I. Preferably B is C and Rb is 
halogen, Ci-ioalkoaty, cyano, or trifluoromethyl. 
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The present compounds are generally composed of three 
domains: 1) an acyl (including sulfonyl) moiety, 2) a cycUc amino acid 1. 
and 3) amino add 2, and are named in a manner similar to that used to 
name ohogopeptides. Representative names used herein and their 
coiresponding structures are shown below (without the stereochemistry) 
to illustrate the nomenclature used in the application. 

N-(3,4-dimethoxybenzenesulfonyI).l,2.3,4-tetrahydroisoquinoline-3(S)- 
carbonyKD-leucine 




N.(3.5.dichlorobenzene8ulfonyl)-(L)-pipecolyl-(L)-homophenylalanine 

CI . , 




N-(3-fluoroben2enesulfonyl).(LM(R)-hydroxyprolyl-(L)-tyro3ine. O-tert- 
butyl ether 
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N-[4^.2.toluylureido)phenylacetyl<L)-pPolyHL)-norleuc^^ 

H H O-nrN-r-COaH 



"^1"- as weU as other groups having the prefix "alk- 
such as alkoxy. alkanoyl, »eans carbon chains which may be UnlL'or 

meti^l, e^yl. propyl, isopropyl. butyl. and 1^-butyl. pentyl hexyl 
heptyl, octyl. nonyl, and the like. ^ ' 

"Alkenyl" means carbon chains which contain at least on« 
c^bon-carbon double bond, and which may be linear J^^^Tor 
combmataons thereof. Examples of alkenyl include vinyl. aUyl 
i8oprop«.yl. pentenyl. hexenyl. heptenyl. Lpropenyl. 2-butenyi; 2- 
methyl-2-butenyl, and the like, «^enyi. z 

carbon carboJ^l," ""^"^ '^^'^ ^* o-e 

^bon^bon tople bond, and which may be linear or branched or 

a-methyl-l-pentynyl, 2.heptynyl and the like. ' 

rin« » ^eans mono- or bicycUc saturated carbocycUc 

nngB each of which having from 3 to 10 carbon atoms. The term IT 

T^^^'^'^t ^^"-^^^ «roup in which i^ltT, 
attachment ^ on the non-aromatic portion. Examples of cyclo^l 
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include cyclopropyl. cyclopentyl, cyclohexyl, cycloheptyl 
tetrahydronaphthyl, decahydronaphthyl. indanyl. and the Uke. 

"Aiyl" means mono- or bicyclic aromatic rings containing 
only carbon atoms. The term also includes aryl group fused to a 
monocychc cycloalkyl or monocyclic heterocydyl group in which the 
point of attachment is on the aromatic portion. Ebcamples of aiyl include 
phenyl, naphthyl, indanyl, indenyl, tetrahydronaphthyl, 2,3- 
dihydrobenzofuranyl, benzopyranyl, 1,4-benzodioxanyl, Ind the like. 

"Heteroaryl" means a mono- or bicychc aromatic ring 
containing at least one heteroatom selected from N, O and S, with ead. 
rmg containing 5 to 6 atoms. Examples of heteroaryl include pyrrolyl 
isoxazolyl. isothiazolyl, pyrazolyl. pyridyl. oxazolyl, oxadiazolyl 
thiadiazolyl. thiazolyl. imidazolyl, triazolyl, tetrazolyl. furanyl, 'triarinyl, 
tinenyl, pyridyl. pyridazinyl. pyrazinyl. benzoxazolyl. benzothiazolyl, 
benzmiidazolyl. benzofuranyl, benzothiophenyl. iuro(2,3.b)pyridyl 
quinolyl, indolyl, isoquinolyl, and the like. 

"Heterocydyl" means mono- or bicycUc saturated rings 
contaimng atleast one heteroatom selected from N. S and O, eadi of said 
nng having from 3 to 10 atoms in which the point of attachment may be 
carbon or nitrogen. The term also includes monocyclic heterocyde fused 
to an aiyl or heteroaiyl group in which the point of attadunent is on the 
non-aromatic portion. Examples of "heterocydyl" indude pyrrolidinyl 
pipendinyl, piperazinyl. imidazoUdinyl. 2,3-dihydro£uro(2.3-b)pyridyl ' 
benzoxazinyl. tetrahydrohydroquinolinyl. tetrahydroisoquinolinyl * 
dibydromdolyl. and the like. The term also iadudes partially ' 
unsaturated monocycUc rings that are not aromatic, audi as 2- or 4- 
pyndones attached through the nitrogen or N-substituted-dH 3H)- 
pynmidine-2,4-diones (N-substituted uradls). 

"Halogen" includes fluorine, chlorine, bromine and iodine. 

Compounds of Formula I contain one or more asymmetric 
centers and can thus occur as racemates and racemic mixturCingle 
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enantiomere, diastereomeric mixtures and individual diaatereomera. 
The present invention is meant to comprehend aU such isomeric forms 
of the compounds of Formula I. 

Some of the compounds described herein contain olefinic 
double bonds, and unless specified otherwise, are meant to include both 
£ and Z geometric isomers. 

Some of the compounds described herein may east with 
different points of attachment of hydrogen, referred to as tautomers. 
Such an example may be a ketone and its enol form known as keto-enol 
tautomers. The individual tautomers as well as mixture thereof are 
encompassed with compounds of Formula I. 

Compoimds of the Formula I may be separated into 
diastereoisomeric pairs of enantiomers by, for example, fractional 
crystallization from a suitable solvent, for example methanol or ethyl 
15 acetate or a mixture thereo£ The pair of enantiomers thus obtained may 
be separated into individual stereoisomers by conventional means, for 
example by the use of an optically active acid as a resolving agent. 

Alternatively, any enantiomer of a compound of the general 
Formula I or la may be obtained by stereospedfic synthesis using 
optically pure starting materials or reagents of known configuration- 

Salts 

The term "pharmaceutically acceptable salts" refers to salts 
prepared from pharmaceutically acceptable non-toxic bases or acids 
25 including inorganic or organic bases and inorganic or organic adds. 
Salts derived from inorganic bases include aluminum, ammonium, 
calcium, copper, ferric, ferrous, Uthium, magnesium, manganic s^ts, 
manganous, potassium, sodium, zinc, and the like. Particularly 
preferred are the ammonium, caldum, magnesium, potassium, and 
sodium salts. Salts derived from pharmaceutically acceptable organic 
non-toxic bases indude salts of primary, secondary, and tertiary 
amines, substituted amines including naturaUy occurring substituted 
amines, cyclic amines, and basic ion exdiange resins, such as arginine, 
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betaine caffeine, choline. NX-dibenzylethylenediamine. diethylaxnine 
2-d,ethylanunoethanol, 2-diniethylaiainoethanol, ethanolamine 
ethylenedianune. N-ethyl-morpholine. N-ethylpiperidine. glucaniine. 
glucoaamme. histidine. hydrabamine, iaopropylamine. lysine 
methylglucamine. morpholine, piperazine. piperidine. polyai^e 
resHia, procaine, purinea. theobromine, triethylamine. trimethylamine 
txipropylanune, tromethamine, and the like. 

When the compound of the present invention is basic, salts 
may be prepared from pharmaceutically acceptable non-toxic acids 
including inorganic and organic acids. Such acids include acetic 
benzenesutfonic. benzoic, camphorsulfonic. citric, ethanesulfonic. 
fiimanc. gluconic, glutamic, hydrobromic. hydrochloric, isethionic 
lactic, maleic. malic, mandelic. methanesulfonic. mucic. nitric, 
pamoic. pantothenic, phosphoric, succinic, sulfuric, tartaric p- 
teluenesulfonic add. and the hke. Particularly preferred are' citric, 
hy<h:obromic. hydrochloric, maleic. phosphoric, sulfuric, and tart^c 
acids. 

It Jill be understood that, as used herein, references to the 
compounds of Formula I are meant to also include the pharmaceutically 
20 acceptable salts. 
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r.rr'?'* °^ compounds of Formula I to antagonize the 

actions of VLA-4 and/or a4P7 integrin makes them useful for p^^n^g 
or reveling the symptoms, disorders or diseases induced by the binding 
of VLA-4 and or a4p7to their various respective Uganda. tL, these 
^i^^ will inhibit ceU adheaion processes including cell activation, 
nugrabon. prohferation and diflferentiation. Accordingly, another 
aspect of the present invention provides a method for the treatment 
(including prevention, alleviation, amelioration or suppression) of 
diseases or disorders or symptoms mediated by VLA-4 and/or a4B7 
bmding and cell adhesion and activation, which comprises 
administering to a mammal an effective amount of a compound of 
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Formula 1. Such diseases, disorders, conditions or symptoms are for 
example (1) multiple sclerosis. (2) asthma. (3) allergic rhinitis. (4) 
allergic conjunctivitis. (5) inflammatory lung diseases, (6) rheumatoid 
arthritis, (7) septic arthritis, (8) type I diabetes, (9) organ transplantation 
5 rejection, (10) restenosis, (11) autologous bone marrow transplantation. 
(12) inflammatory sequeUe of viral infections, (13) myocarditis, (14) 
inflammatoiy bowel disease including ulcerative coUtis and Crohn's 
disease, (15) certain types of tojdc and immuie-baaed nephritis (16) 
contact dermal hypersensitivity, (17) psoriasis, (18) tiimor metiistasis 
10 and (19) atherosclerosis. 
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Dose Ranyag 

The magnitude of prophylactic or therapeutic dose of a 
compound of Formula I will, of course, vary witii the nature of the 
severity of the condition to be treated and with the particular compound 
of Formula I and its route of administaration. It will also vary according 
to the age, weight and response of tiie individual patient. In general the 
daUy dose range He within the range of from about 0.001 mg to about 100 
mg per kg body weight of a mammal, preferably 0.01 mg to about 50 mg 
per kg, and most preferably 0.1 to 10 mg per kg, in single or divided 
doses. On the other hand, it may be necessary to use dosages outside 
these limits in some cases. 

For use where a composition for intravenous 
administa^tion is employed, a suitable dosage range is from about 0.001 
mg to about 25 mg (preferably from 0.01 mg to about 1 mg) of a compound 
of Formula I per kg of body weight per day and for cytoprotective use 
from about 0.1 mg to about 100 mg (preferably from about 1 mg to about 
100 mg and more preferably from about 1 mg to about 10 mg) of a 
compound of Formula I per kg of body weight per day. 

In the case where an oral composition is employed a 
suitable dosage range is. e.g. from about 0.01 mg to about 100 mg of a 
compound of Formula I per kg of body weight per day. preferably from 
about 0.1 mg to about 10 mg per kg and for cytoprotective use from 0.1 mg 
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to -bout 100 (preferably from about 1 mg to about 100 mg and mora 

I pt'i f b^ " "^^^ 

1 per itg of body weight per day. 

nr«. « Of Of the eye. ophthalmic 

preparations for ocular administration comprising 0.001-1% by weight 
solutions or suspensions of the compounds of Fonnula I in an actable 
ophthalmic formulation may be used. acceptable 

oh,™. J^'*^" "P"* "f P"»«' mvention provides 

I .ad a phann.ceut.caUy acceptable carri«-. The term "compositioa- 
^ m phanoaceutical composition, is int«>ded to encomZ a pr,^" t' 
compnsmg the active ingredientC.). and the inert in«reaen«a) 

combmation, complexation or aggregation of any two or more of the 
.ngredaent,, or from di«„ci.tio„ of one or more of the ing^^ll ^ or 
from other type, of reaction, or interaction, of one or morof^Z 
m8red.ant.. Accordingly, the pharmaceutical compo^til o^L 
present encempaa. any compcition made by a^g a 

compound of Formula I, additional active ingredientts), 
pharmacouticaUy acceptabl. eicipieut.. 

'^'"""^''"""•°f'*»i^tion may be employed fcr 
immdmg a mammal, eap^ially a human with an effectiv. d™., f 
compound of th. praaent invention. For examp^ ^TZ^T 
parenteral, ocular, pulmomiry, naaal. and the Si It T"^' 
Dj.^ fonn, include tablet., troche^ ^^"Z^^'' 
solufom.. capaul,,. cr«un.. ointment.. aero«.K amiTe Z 

pharmaceufcaUy accepuble carrier and optionaUy other therapeutic 
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mj^ed^ents. The te«n "pharmaceuticaUy acceptable salts- refers to 
salts prepared from pharmaceutically acceptable aon-toxic bases or 
acids mcluding inorganic bases or acids and organic bases or adds. 

The compositions include compositions suitable for oral 
rectal, topical, parenteral (including subcutaneous, intramuscular, and 
intravenous) ocular (ophthalmic), pulmonary (aerosol inhalation), or 
7n a "T^'^f suiteble route in any givek case 

depend on the nature and severity of the conditions being treated 
a^ on the nature of the active ingredieit. They may be conveniently 

known m the art of pharmacy. 

For administration by inhalation, the compounds of the 
present mvention are conveniently deUvered in the form of an aerosol 
spray presentation from pressurized packs or nebulisers The 
compounds may also be deUvered as powders which may be formulated 
and the powder composition may be inhaled with the aid of an 
ma^ation powder inhaler device. The preferred delivery systems for 
mhalation are metered dose inhalation (MDD aerosol, which may be 
f^ulated as a suspension or solution of a compound of Formula I in 
smtable propellants, such as fluorocarbons or hydrocarbons and dry 
powder mhalation (DPI) aerosol, which may be formuUted as a d^ 
powder of a compound of Formula I with or without additional 

include ^f^^^ T^'^ formulations of a compound of formula I 
7^1 »/«vices. aerosols, creams, ointments, lotions, 

dusting powders, and the Uke. 

^P'**^**!"^*, the compounds ofFormula I can be 
combmed as the active ingredient in intimate admixtiire wir* 
pharmaceutical carrier according to conventional pharmaceutical 
compounding techniques. The carrier may take a >;de vaTlTf 
depending on the form of preparation deXed for a^L^^If 
oral or parenteral (including intravenous). In preparing " 
compositions for oral dosage form, any of the usual phaLaceutical 
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media may be employed, such aa, for «cample, water, glycols, oils 
^cohola. flavoring agents, preservatives, coloring agents and the like in 
the case of oral Kquid preparations, such as. for example, suspensions 
ehxirs and solutions: or carriers such as starches, sugars 
microcrystalline cellulose, diluents, granulating agents, lubricants 
bmders, disintegrating agents and the like in the case of oral sohd 
preparations such as. for example, powders.. capsules and tablets, with 
tiie sohd oral preparations being preferred over the Uquid preparations 
Because of their ease of administration, tablets and capsules represent 
the most advantageous oral dosage unit form in which case solid 
pharmaceutical carriers are obviously employed. If desired, tablets may 
be coated by standard aqueous or nonaqueous techniques. 

In addition to the common dosage forms set out above, the 
compounds of Formula I may also be administered by controUed release 
means and/or deUvery devices such as those described in U S Patent 
Nos. 3.845.770; 3.916.899; 3,536,809; 3,598.123; 3.630.200 and 4,008.719. 

Pharinaceutical compositions of the present invention 
smtable for oral administration may be presented as discrete unite such 
as capsules, cachets or tablets each containing a predetermined amount 
of the active ingredient, as a powder or granules or as a solution or a 
suspension in an aqueous liquid, a non-aqueous Uquid. an oil-in-water 
emulsion or a water-in-oil liquid emulsion. Such compositions may be 
I«^pared by any of the methods of pharmacy but all methods include the 
Step of bringing into association the active ingredient with the carrier 
which constitutes one or more necessary ingredients. In general the 
compositions are prepared by uniformly and intimately admixing the 
acfave mgredient with hquid carriers or finely divided soUd carriers or 
both, and then, if necessary, shaping the product into the desired 

H ^^t^' " "^^^ compression or 

molding, optionally with one or more accessory ingredients 

Compressed tablets may be prepared by compressing in a suitable 

machine, the active ingredient in a free-flowing form such as powder or 

granules, optionally mixed with a binder, lubricant, inert diluent 
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surface active or dispersing agent. Molded tablets may be made by 
molding in a suitable machine, a mixture of the powdered compound 
moistened with an inert liquid diluent. Desirably, each tablet contains 
from about 1 mg to about 500 mg of the active ingredient and each cachet 
or capsule contains from about 1 to about 500 mg of the active ingredient 

The foUowing are examples of representative 
pharmaceutical dosage forms for the compounds of Ponnula I: 



Iniectahlp SuHpanaiffj, (jjuf ^ 
Compound of Formula I 
Methylcellulose 
TweenSO 
Benzyl alcohol 
Benzalkonium chloride 



mg/ttiT, 
10 
5.0 
0.5 
9.0 
1.0 



Water for injection to a total volume of 1 mL 



Tablftt 

Compound of Formula I 
Microcrystalline Cellulose 
Povidone 

Pregelatinized Starch 
Magnesium Stearate 



Compound of Formula I 
Lactose Powder 
Magnesium Stearate 



Compound of Formula I 
Lecithin, NF Liquid Concentrate 



25 
415 
U.0 
43.5 

2^ 
500 

mg/e«pff^l]^ 
25 

573.5 

13. 

eoo 

Per ffanif^tifT 

24 mg 
1.2 mg 
25. 
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Trichlorofluoromethane, NF 4.025 g 

Dichlorodifluoromethane, NF 12.15 

Combination Therapy 

^""P^^^d^^fFormula I may be used in combination with 
other drugs that are used in the treatment/prevention/suppression or 
amehorataon of the diseases or conditions for which compounds of 
Formula I are useful. Such other drugs may be administered, by a route 
and m an amount commonly used therefor, contemporaneously or 
sequentially with a compound of Formula I. When a compound of 
Formula I is used contemporaneously with one or more other drugs a 
pharmaceutical composition containing such other drugs in addition to 
the compound of Formula I is preferred. Accordingly the 
pharmaceutical compositions of the present invention include those that 
also contam one or more other active ingredients, in addition to a 
compound of Formula 1. Examples of other active ingredients that may 
be combined with a compound of Formula I. either administered 
separately or in the same pharmaceutical compositions, include, but are 
not limited to: 

(a) other VLA-4 antagonists such as those described in US 5 510 332 

WO97/D3094.WO97/02289,WO9a^40781,WO96/22966.WO96/2;)216 ' 
WO96/01644 WO96A)6108. W095/15973 and WO96/31206; (b) steroids such 
as beclomethasone. xnethylprednisolone. betamethasone, prednisone 
dezamethasone. and hydrocortisone; (c) immunosuppressants such 'as 
cydosponn, tacrolimus, rapamycin and other FK-506 type 
immunosuppressants; (d) antihistamines (Hl-histamine antagonists) 
such as bromopheniramine. chlorpheniramine, dexchlorpheniramine. 
tnprohdine. clemastine, diphenhydramine, diphenylpyraline 
tripelennamine. hydroxyzine, methdilazine. promethazine 
tnmeprazine, azatadine. cyproheptadine, antazoline, phen^ne 
pynlamme. astemizole, terfenadine. loratadine, cetixizine 

^t^t'l^^^""^"^'^'''^^'"^'^^^^ '^^ non-steroidal 
anti-asthmatxcs such as P2-agonists (terbutaline. metaproterenol. 
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fenot^^l^ ^oethaxine. albuterol, bitolterol. salxneterol and pirbuterol) 
theophylhne. cromolyn aodiun». atropme. ipratropiuxa broLe 
leokotnene antagonists (zafirlukast. monteluW, pranlukast 
jralul^t. pobUukast. SKB.106.203), leukotriene biosynthesis iiinbitors 

Ss!^s; I -^'^■^••^ antiinflan^aatory agents 

QJSAIDb) such aa propionic add derivatives (alminoprofen 
b«.oxap«fen budoxic acid, carprofen. fenb^xfen. fenoprofek fluprofen 
flurbiprofen Auprofen. indoprofen. ketoprofen. miroprofen. nap^n 
t^w' r™'*^ P-oP-fen. suprofen. tiap^feL aci;i. IT 
t^^profen) aceuc add derivatives (indomethadn. acemetadn. 
alclofenac. chdanac. diclofenac, fendofenac. fenclozic add fen^azac 
^fenac. ibufenac. isoxepac. oxpinac. sulindac. tiopinac 'to Wr' 
I^^fenW "^'^r^^^P--^' '^-^^ derivatives (flufenaniic add. 

^phen^carboxyhc add derivatives (diflunisal and flufeniaal). oxicams 
^xi am. pjroxieam. sudoxicam and tenoxican). salicylates (acetyl 

sahcyhcacxd, sulfasalazine) and the pyrazolones (apJone 
bezpiperylon. feprazone, mofebutazone, oxyphenbutazone ' 

cdZl"*r"t?' cyclooxygenase-2 (COX-2) inhibitors 'sucH as 
celecoxib; (h) uihibxtors of phosphodiesterase type IV (PDE-IV)- (i) 

CCR^ 0) cholesterol lowering agents sudx as HMG^CoA reductie 
inh^itors Oovastatin. simvastatin and pravastatin. fluvastTti^ 

'''^ sequestrants (dxoleslyramine Ind 

Ir benzafibx^te). and probucol; (k) anti-diaUtic 

jnts SUA as uisuhn. sulfonylureas, biguanides (metfonmn). a- 
fflucosidaae inhibitors (acarbose) and gUtazones (trogUtazone 
pioghtazone, englitazone. MCCSSS. BRL49653 and the like)- (1) 

U^^V^'^'"'' ""^ "^"^-'^ -'«'^->- beta-lb); 

m) ^tidiohnergic agents such as muscarinic antagonists 

(ipratropium bromide); (n) other compounds sudi as S-aminosalicylic 
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acid and prodrugs thereof. antimetaboHtes such as azathioprine and 6- 
mercaptopuiine, and cytotoxic cancer chemotherapeutic agents. 

The weight ratio of the compound of the Formula I to the 
second active ingredient may be varied and win depend upon the 
effective dose of each ingredient. GeneraUy. an effective dose of each will 
bo used. Thus, for example, when a compound of the Formula I is 
combined with an NSAID the weight ratio of the compound of the 
Formula I to the NSAID will generally range from about 1000:1 to about 
1:1000, preferably about 200:1 to about 1:200. Combinations of a 
compound of the Formula I and other active ingredients will generally 
also be within the aforementioned range, but in each case, an effective 
dose of each active ingredient should be used. 

Compounds of the present invention may be prepared by 
procedures illustrated in the accompanying schemes. In the first 
method (Scheme 1), a resin-based synthetic strategy is outlined where 
the resin employed is represented by the ball (• ). An N-Fmoc- 
protected amino acid derivative A (Fmoc = fluorenylmethoxycarbonyl) 
IS loaded on to the appropriate hydroxyl-containing resin using 
dicyclohexylcarbodiimide (DCC) and l-hydroxybenzotriazole (HOBt) 
m dimethylformamide (DMF) to give B The Fmoc protecting group 
IS removed with piperidine in DMF to yield free amine Q. The next 
Fmoc-protected amino acid derivative Cia coupled to Q employing 
standard peptide (in this instance, 2-(lH.ben2otria2ol-l-yl)-l,l,3,3, 
tetramethyluronium hexafluorophosphate (HBTU), HOBt a^d N,N. 
diisopropylethylamine (DIEA) in DMF) to yield dipeptide £ The 
Fmoc group is removed with piperidine in DMF to yield the free 
amme £• An acid chloride or isocyanate derivative is reacted with F 
m the presence of DIEA to yield fi. The final product is removed from 
the resm with strong acid (in this instance, trifluoroacetic acid (TFA) 
in the presence of thioanisole and dithiane) to yield compounds of the 
present invention fl. 
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Fmoc-''^>;^OH 

R4R5 DCC.HOBt " R^V 

DMF B 

m \ I'a ? • HBTu.HOBt. 



\ / _ DIEA.DMF 



DMF R^Rj ^ p7 



R7 



6 B-|2 pjeRg o Pwoc O 



Fmoc O '^s 



^ piperidine 
DMF 



£ 

R^ 

H O R5 

E 

R6^b4z_r8 93 O 

A 



or 

^ Rt-NgC=0 
OIEA 



^ " it' U TFA,PhSCH3, 

Y o R5 

r 

R'^-VZ^R'^a O 
Y O Rs 
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In the second method (Scheme 2). standard solution 
phase synthetic methodology is outlined. An N-Bocprotected amino 
acid derivative A (Boc = tert^butyloxycarbonyl) is treated with tert- 
butyl 2.2.2.trichloroacetimidate in the presence of boron trifluoride 

r'nc,"'" 1 1"'^ ''''' '"""^'^ ^^'-^'^^ strong add 

(HCl in ethyl acetate or sulfuric add in t-butyl acetate) to yield the free 

amine B which is subsequently coupled to Cbz-protected amino add 
denvative Q (Cbz = carbobenzyloxy) in the presence of l-(3- 
Amethylaminopropyl).3-ethylcarbodiimide hydrodiloride (EDC) 
HOBt. and N-methylmorpholine (NMM) in methylene diloride ' 
Olet^lene chloride) to yield dipeptide B Catalytic hydrogenation of 
D in tiie presence of a palladium-on-carbon (Pd/C) catalyst yields £ 
Reason of E wi«x an acylchloride or isoc^anate in the presence of 
VIEA and 4-dimethylaminopyridine (DMAP) yields £ which is 
subsequently reacted with strong add (TFA) to yield the desired 
product Q. . 
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Scheme 2 
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GENERAL PROCEDTTRE FOR THF. 5^ QLID-PKAS1^ . SYNTHESIS OF 
COMPOUNDS OF F ORMULA 1 

Step A. Loading of N-Fmoc-nTnino acid d erivative5i onto TQsins 
5 N-Fmoc-amino adds were loaded on either Wang® 

(Calbiochem-Novabiochem Corp.) or Chloro (2-chlorotrityl) resin. 
Wang® resin, tjrpically 0.3 mmol, was washed with 
dimethylfonnamide three times. A solution of N-Fmoc-amino acid 
(0.3 mmol) in dimethylfonnamide (3 mL) was transferred to the pre- 
10 swollen Wang® resin. Dicyclohexylcarbodiimide (0.3 mmol) and 1-N- 
hydrmcybenztriazole (0.3 mmol) was added and the mixture gently 
swirled for 2 hours. Following filtration, the resin was sequentially 
washed Mrith dimethylfonnamide (3 times) and dichloromethane (3 
times). The amino acid substitution value obtained after vacuum 
15 drying typically ranged between 0.07 to 0.1 mmol. 

Alternatively, Chloro (2-chorotrityl) resin, typically 0.2 
mmol, was pre-swollen in dimethylfonnamide. A solution of N- 
Fmoc-amino acid (0.2 mmol) in dimethylfonnamide (3 ml) was added 
to the resin, followed by the addition of lLH-diiaopropylethylamine(0.4 
mmol). The resin was gently stirred for 2 hours, filtered and washed 
sequentially with dimethylformamide (3 times) and dichloromethane 
(3 times). The resin was finally washed with 10% methanol in 
dichloromethane and vacuum dried. The amino acid substitution 
value obtained after vacuum drying typically ranged between 0.05 to 
25 0.1 mmol. 

Step B. Denrotftrtaon of th^ K. Fmnr gmnp 

The N-Fmoc protecting group was removed from the 
resin from Step A by treatment with 20% piperidine in 
dimethylformamide for 30 minutes. Following filtration, the resin 
was washed sequentially with dimethylformamide (3 times), 
dichloromethane (1 time) and dimethylformamide (2 times) and used 
in the subsequent reaction. 

-32- 



20 



30 



wo 9S/53814 



PCT/US98/10940 



15 



20 



25 



30 



> 2-{lH-benzotnazoH-yl).i,i,3.3-tetramethyiuraniuin """^ 

^- PeprPtPctioTi of thA M.B^^r ^^^^^^ 

resia from St^ r^"^" the 
resm from Step C by the procedure described in St*.« P o j 7 
the subsequent reaction. ® '"^'^ 

dimethylfonnamide (2 ml), mixed with ^.U- 

diisopropylethylamine(0.8 mmol) and added tn fK • ^ 

After approximately two hour« 1k '^"^ °- 

fi-m Step E b^Ltr" IT"^ ^'^^^'^ "Bins 

mtration. The final products were purified by reverse phase 
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chromatography with a linear gradient of buffer A (0.1% 
trifluoroacetic acid in water) and bufifer B (0.1% tiifluoroacetic acid in 
acetonitrile) and isolated by lyophilization. Molecular ions were 
obtained by electrospray ionization mass spectrometry or matrix- 
5 assisted laser desorption ionization time-of-fUght mass spectrometry 
to confirm the structure of each peptide. 

The following compounds were prepared by the general 
procedures described above using the appropriate amino acid derivatives 
and acyl or sulfonyl) chloride or alkyl or aiyl isocyanate. These 
10 examples are provided to illustrate the present invention and are not to 
be construed as limiting its scope in any manner. 

Ex. Compound Name ^ 

(1) N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4. 491 

tetrahydroi8oquinoline-3(S)-carbonyl.(L)- 
leucine 

(2) N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4. 534 

tetrahydroisoq\iinoline-3(S)-carbonyl-(L)- 
arginine 

N-(3,4-dimethoxybenzeneaulfonyl)-l,2,3,4- 507 

tetrahydroisoquinoline-3(S)-carbonyl-(L)- 
glutamic acid 

(4) N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4- 435 
tetrahydroisoquinoline-3(S)-carbonyl-glycine 
N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4- 575 

tetrahydroisoquinoline-3(S)-carbonyKL).(l- 
naphthyDalanine 

N-(3,4-dimethoxybenzene8ulfonyl)-l,2,3,4. 491 

tetrahydroisoquinoline-3(S)-carbonyHL)-a-t- 
butylglycine 



(3) 



(5) 



(6) 
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(8) 



(9) 



(7) N-(3,4-diinethox3rben2ene8ulfonyl)-l,2,3,4- 531 

tetrahydroiBoqiiiiioline-3(S)-carbonyKL)-3.(2- 
thienyDalanine 

N-(3,4-diinetho3^enzenesulfonyl)-l,2,3,4. 531 

tetrahydr(»i8oqmnolme-3(S)-carbonyl-(L)- 
cyelohexylalanine 

N-(3,4-diinethoj^benzenesuIfonyl)-l,2,3,4. 575 

tetrahydroi8oqumoline.3(S).carbonyl-(L)-3^2. 
naphthyDalanine 

(10) N.(3,3-diphenylpropanoyl).l,2,3,4-tetrahydro 498 
isoqumoline-3(S)-carbonyl.a)-norleucme 

(11) N-(2,4-diiutrobenzene8ulfonyl).l^,3,4- 521 

tetrahydroiaoquinoline-3(S><arbonyl-(L)- 
norleucine 

(12) N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4- 601 

tetrahydroiaoquinoline-3(S)-carbonyl-(L)-3,3- 
diphenylalanine 

(13) N-(3,4-dunetho3cybenzene8ulfonyl)-l,2,3,4. 5»7 
tetrahydroisoqtiinoline-3(S)-carbonyl-l,2,3,4- 
tetrahydroiaoquinolme-3-carboocylic acid 

(14) N-(3,4-<iiineth<Hcybenzene3ulfonyl).l,2,3,4- 475 
tetrahydroiaoqviinolme-3(S)^arbonyl-{L)-proline 

(15) N-dan8yl-1.2,3,4-tetrahydroi8oquinolin6-3(S)- 511 
carboiiyl-(L)-norleueine 

(16) N-(2.naphthaleneaulfi)nyl)-l,2,3.4.tetrahydro 481 
iaoquinoliae-3(S)-carbonyl.a)-norIeucine 

(17) NK4-methoxyben2ene8ulfonyl)-14J,3,4-tetrahydxt> 461 
iaoquinoliiie-3(S).carbonyl.a)-iiorleucine 

(18) N-(4-phenylbenzoyl).l^,3,4-tetrahydro 471 
isoquinoline-3(S).carbonyHL)-norleucine 

(19) N-(3,4-diinethylbenzenesulfonyl).l^,3,4. 481 

tetrahydroisoquinoline-3(S)-carbonyK'L).cy8teine 
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(20) N.(4.t.butylb€nzenesulfonyl)-l,2,3,4.tetrahydro 487 
iaoquinoline-3(S)-carbonyl-(L)-iiorleucine 

(21) N-(2,5-dichlorobenzenes\ilfonyl)-l,2,3,4- 498 
tetrahydro ifloqmnoline-3(S)-carbonyKL)- 
norleucine 

(22) N-(2-mesitylenesulfonyl)-l,2,3,4-tetrahydro 473 
isoq\iinoUne-3(S)-carbonyl-(L)-norleucme 

(23) N-(p-toluenesulfonyl).1.2,3,4-tetrahydro 444 
isoqmnoUn€-3(S)-carbonyl-(L)-norleucme 

(24) N-{4-chlorobenzeiiesulfonyl)-l,2,3,4-tetrahydro 465 
i8oqaiinoline-3(S)-carbonyl-(L)-norleucme 

(25) N-(N'-acetylsulfanilyl)-l,2,3,4.tetrahydro 488 
isoquinolme-3(S)-carbonyl-(L)-norleucine 

(26) N.(4-fluorobenzenesulfonyl)-l,2,3,4-tetrahydro 449 
isoqiiinolme-3(S)-carbonyl-(L)-norl€ucine 

(27) N-(l-napbthalenesulfonyl)-l,2,3,4-tetrahydro 481 
isoquinoliiie-3(S)-carbonyl-(L)-norleucine 

(28) N-(b€nzylsulfoiiyl)-l,2,3,4- 445 
tetrahydroisoq\iinoline-3(S)-carbonyl-(L)- 

norleucine 

(29) N-(4-mtroben2eiiesulfonyl)-1^.3,4.tetrahydro 476 
isoqumoline-3(S)-carbonyl-(L)-norleucine 

(30) N-(3,4-diinethoxybeiizenesulfonyl)-l,2,3,4- 525 
tetrahydroisoqmiioline-3(S)-carbonyl-(L)- 
pheuylalanine 

(31) N-(3,4-dimethoxybeii2enesnlfonyl)-l,2,3,4- 506 
tetrahydroi8oquinoline-3(S)-carbonyl-(L)- 
glutamine 

(32) N-(3,4-diinethoxyben2ene8ulfoiiyl)-l, 2,3,4- 570 
tetrahydroisoquinoline-3(S)-carbonyl-(LK4- 
nitrophenyDalanine 
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(33) N-<3.<Mune«.o:^„„„ 

,^'^'^»°'«to«>--3(S,-caxbI^^^^^^^^^^^ 
homophenylalania, °»oyWL)- 

(37) 4.^eU.,^«>,en..^ ^ 3 4 

N^4-tnfluorra,thylb«,zene8uJa„yl).i 2 3 ^ 
N.(4-n-proRrlben2ene8uIfonyl).l 2 3 4 . u 



(39) 

(40) 
(41) 

(42) 

(43) 
(44) 



492 

509 

539 

491 

543 

445 
499 

473 
473 

4S9 

459 
467 
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(45) N.(2^anobenzenesulfonyl)-l,2,3,4-tetxahydro 456 
i3oquinoIine-3(S)-carbonyl-(L)-norleucine 

(46) N-(4-tert-amylbenzenesiilfonyl).l,2,3,4- 501 
tetrahydro i3oquinoline-3(S).carbonyKL)- 
norleucine 

(47) N-(4.chloro-3.iutrobenzen€sulfonyl).l,2,3,4- 510 

tetrahy<iroisoquiiioline-3(S)-carbonyl.(L). 
norleucine 

(48) N-(3.cyanoben2oyl).l,2,3,4-tetrahydro 420 
i3oquinoline.3(S).carbonyl-(L)-norleucme 

(49) N-(3,5-diclilorobenzenesulfonyl)-l,2,3,4. 499 

tetrahydroisoquinoline-3(S).carbonyl-(L). 
norleucine 

(50) N-(3,4-diclilorobenzeneaulfonyl)-l,2,3,4- 439 

tetTabydroisoquinoline-3(S)-carbony(L)- 
norleucine 

(51) N.(2-trifluoromethylbenzenesulfonyl).l,2,3.4. 499 

tetrahydroisoquinoline.3(S)-carbonyl-(L). 
norleucine 

(52) N-(2,3-dichlorobenzeneaulfonyl).l,2,3,4- 499 
tetrahydro isoquinoUne-3(S)-carbonyl-CL)- 
norleucine 

(53) N-(2,4-dichlorobenzenesulfonyl)-l,2,3,4- 499 
tetrahydro isoquinoIine.3(S)H:arbonyl.(L)- 
norleucine 

(54) N-(2,5-dimethoxybenzenesulfonyl)-l^,3,4. 491 

tetrahydroisoquinoline-3(S)-carbonyl-a)- 
norleucine 

(55) N-(3,4-diniethoxybenzeneaulfonyl)-l,2,3,4. 465 
tetrahydroisoquinoline-3(S).carbonyHL)-serine 

(56) N-(3,4Kiimethoxybenzeneaulfonyl)-l,2,3,4- 491 

tetrahydroisoquinoline-3(S)-carbonyl-(L)- 
isoleucine 



-38- 



wo 98/53814 



PCT/US98/10940 



(57) N-{3,4-diinethoxybenzene8ulfonyl)-l,2,3,4- 664 

tetrahydroisoqmnoline-3(S)-carbonyHL)- 
tryptophan 

(58) N-(2.1,3-beii2othiadia2ole-4^ulfonyl)-l,2,3,4. 489 

tetrahydroisoqiiinoline-3(S)-carbonyl^)- 
tryptophan 

(59) N-{3,4-dimethoxybenzenesulfonyl)-l,2,3,4- 526 

tetrahydroiaoquinoline-3(S)-carbonyHL)-3-(3- 
pyridyDalanine 

(60) N-(3,4-dimethoxyben2eneaulfonyl)-l,2,3,4. 603 

tetrahydroifloquinoline-3(S)-carbonyl-(L).3-(2- 
naphthyDalanine, ethyl ester 

(61) N-acetyl-l,2,3,4-tetrahydroisoqxaiioline-3(S)- 333 
carbonyHD-norleucine 

(62) N-(3,4-dimethoxybenzenesiilfonyl)-l,2,3,4- 491 

tetrahydroisoquinoIine-3(R)-carbonyl-(D)- 
norleucine 

(63) N.propionyKL)-prolyl-l,2,3,4.tetrahydro 348 
isoquinoline-3(S)-carbonyl.a)-norleucine 

(64) N-(4Hyanobenzenesulfonyl).l,2.3,4.tetrahydro 456 
iaoquinoUne-3(S)-carbonyl-(L)-norleucine 

(65) NKbenzene8iilfonyl>.l^,3,4-tetrahydro 431 
iaoquinoline-3(S)-carbonyl-{L)-iiorleucine 

(66) N-(3.mtrobeiizenesulfonyl).l,2,3,4-tetrahydro 476 
isoquinoline-3(S)-carbonyWL)-norleucine 

(67) N-(3-trifluoroinethylbeiizenesulfonyl).l,2,3,4- 499 

tetrahydroiBoquinoline.3(S)-c€U'bonyl-(L)- 
norleucine 

(68) N-(2-thienylsulfonyl)-l,2,3,4-tetrahydro 437 
iaoquinoUne.3(S)^arbonyl-(L)-iiorleuci2ie 

(69) N-(3,4-dimethoxybeiizeneaulfoiiyl).l,2,3,4- 505 

tetrahydroiaoquinoline-3(S).carbonyl-(L)-N- 
methylleucine 
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(70) N-(3,4-diinethoxybenzene8ulfonyl)-l,2,3,4- 535 

tetrahydroisoquinoline-3(S)-carbonyl-(L)- 
citrulline 

(7D N.(4-iodobenzenesulfonyl).l,2,3,4-tetrahydro 5S7 
iaoquinoline-3(S)-carbonyl-(L)-norleucme 

(72) N.(3,5-dichIorobenzenesulfonyl)-(L)-prolyl^)K3- 613 
iodo)tyroaine 

(73) N-(3,5-dichlorobenzene8ulfonyl)-(L)-prolyl-a)-3- 472 
(3-pyTidyl)alanine 

(74) N-(3,5-dichlorobenzene8ulfonyl)-a)-prolyl-(L)- 471 
phenylalanine 

(75) N.(3,5^chlorobenzeneaulfonyl)-(L)-prolyl-(L)- 453 
glutamic add 

(76) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyHL)- 480 
arginine 

(77) N-(N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl)-l- 549 
amino-cydopentane-l-carboxylic add 

(78) N-(3,5-didilon)benzenes\ilfonyl)KL)-prolyl-(L)-3- 541 
(3 ,4-dichlorophenyl)alanine 

(79) N-(3,5-didilorobenzene8ulfonyl)-(L).prolyl-(L)-3- 549 
(2-naphthyl)alanine, ethyl ester 

(80) N-(3,5-didilorobenzenesulfonyl)-a)-prolyl.(L)-3. 550 
(4-bromophenyl)alanine 

(81) N-(3,5-dichlorobenzenesulfonyl)-(L).prolyl-(L).3- 516 
(4-mtrophenyI)alanine 

(82) N-(3,5-dichlorobenzenesulfonyl)-a)-prolyl-(L)-3- 478 
(4-thiazoIyl)alanine 

(83) N^3,6-dichloroben2enesulfonyl)^L)-prolyl.(L).3- 5(^7 
(2-chIorophenyl)alanine 

(84) N-(3,5-dichlorobenzene8ulfonyl)-a)-prolyl.(L).3- 507 
(4-chlorophenyl)alanine 

(85) N-(3,5-dichlorobenzenesulfonyl)^L)-prolyl-(L)-3- 496 
(4-cyanophenyl)alanine 
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(86) 


N-(3,5-dichloroben2enesulfonyl)-(L)-prolyl-(L)- 
tyrosine. O-sulfate 


586 


(87) 


N-(3,5-dichlorobenzenesulfonyl).(L)-prolyl-(L)- 
3,6-diiodotvrofiiiie 


739 


(88) 


N-(3,5-dichlorobenzenesulfonyl)-(L)-orolvl-fL)- 
tyrosine 




(89) 


N.(3,5-<iichloroben2enesuIfanyl).(L)-prolyl-(L)- 
aspartic acid 


438 


(90) 


N-(3,5.dichlorobeiizeii€sulfonyl)-(L)-prolyKL)- 


510 




tryptophan 


(91) 


N-(3,5-dichlorobenzenesulfonvl)-fL)-Ti™lvl-rT ^ 
methionine 


454 


(92) 


N-(3,4-dimethoxyben2ene8ulfonyl)-(L)-prolyl.(L)- 
norleucine 


429 


(93) 


N-(3,5-di(tri£luoromethyl)benzenesiilfonyl)^L)- 


589 


(94) 


prolyl-(L)-3-f 2-nanhth vl "^a 1 a 




N-(3,4-dunetho^benzenesulfonyl)-(L)-thiaprolyl- 
(L)-3-(2-iiaphthyl)alaniiie 

^ F^^^^^^^J ********** 


531 


(95) 


N-(3,4-dimethoxybeiizeiiesulfoiiylML)-thiaprolyl. 
(D-norleucine 


447 


(96) 


N-[4-(N'-2-toluylureido)phenylacetyl]-(L)- 


597 


(97) 


thiaprolyl-(L)-3-(2-naDhthvnfl1nTiiT»/» 


N-(3,5-dichlorobeiizeneaulfonyl)-(L)-thiaprolyl- 
(L)-3-(2-naphthyl)alanine 


539 


(98) 


N-(3,4-dimetho^benzene8ulfonyl)-(L)-pipecolyl- 
(L)-iiarleuei]ie 


443 


(99) 


N-(3,4-dimethc»yben2enesulfonyl)-a)-pipecolyl- 
(L)-norleucine, ethyl eater 


471 


(100) 


N-(3,5-dichlorobeiizenesulfonyl)-(L)-pipecolyl-(L)- 
homophenylal anine 


499 


(101) 


N-(3,5-dichloroben2enesulfonyl).(L)-pipecolyHL)- 
(3-iodo)t3rTosi]ie 


626 
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(102) N.(3,5-dichlorobenzeneaulfonyl)-a)-pipecolyl-(L)- 535 
3-(2-naphthyl)alanine 

(103) N-{4.(N'-2-toluylureido)phenylacetyl]-(L). 593 
pipecoliny(L)-3.(2-naphthyl)alanine 

(104) N-[3,5-di(trifluoromethyl)benzenestilfonyl)]-(L). 603 
pipecolyl-(L)-3-(2-naphthyl)alanine 

(105) N^3,4Kiimethoxybenzenesiilfonyl)-(L)-pipecolyl- 555 
(L)-3-(2-naphthyI)alanine, ethyl ester 

(106) N-(3,4-diinethoxyben2enesulfonyl)^). 433 
octahydroisoquinoline-3-carbonyl-(L)-norleiicine 

(107) N-(3,4.diinethoxyben2eiiesiafonyl)-azetidine-2- 415 
carbonyl-(L)-norleucine 

(108) N-(3,5-dichlorobeiizene8ulfonyl)-(L)-4(S)- 537 
hydroxyprolyl-(L)^-(2-naphthyl)alanine 

(109) N-(3,4-diinethoxybenzenesiilfonyl)^L)-4(S)- 445 
hydroxyprolyWD-norleucine 

(110) N-(3,4-diinethoxyben2enesulfonyl).(L)-3,4- 427 
dehydroprolyHD-norleucine 

(111) N-(3-bis(N^. 

benzenesulfonyl)aininoben2enesxilfonyl)-(L)- 
prolyKD-norleucine 

(112) N-(3,5-dichlorobenzenesulfonyl)-a)-prolyl-(L)-3- 472J2 
(4-pyridyl)alanine 

(113) N-(3,5-dichlorobenzenesulfonyl)-(L)-4{R)- 536 1 
aminoproiyl-(L)-3-(2-naphthyl)alanine 

(114) N-(3,5-dichlorobenzenesulfonyl)-(L).3,4- 487^ 

dehydroprolyl.(L)-4.fluorophenylalaiune 

(115) N-(3-chlorobenzenesuIfonylWL)-prolyl-{L)-4. 455.1 
fluorophenylalanine 

(116) N-{3,5.dichlorobenzenesulfonyl).(L)-4(R). 505^ 
hydroxyprolyl-(L)-4-fluorophenylalanine 

(117) N-(3,5.dichloroben2enesulfonyl)^L)-thiaprolyl- 505,0 
(L)-tyrosine 
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N-(3,5-dichlorobenzenesulfonyl)^)-thiaprolyl- 
(l^>3*ioaot3n*osme 


631.0 




N-(3-fluorobenzenesuIfonyl)-(L)-thiaprolyl^).3. 
(2*2iaphthyl)alanme 


489.3 




N-(3-fluorobenzene8ulfonyl)-(L)-pipecolyHL)-3-(2- 


485.4 




naphthyDalanme 


(121) 


N-(3-fluorobenzeneaulfonyl)'.a)-thiaprolyl-a)-4- 


457.2 




fluorophenylalanine 




NK3-fluorobenzenesulfonyl)-(L)-prolyHL)-4- 


439.2 




fluorophenylalanine 


(123) 


N-(3-chlorobenzenesulfonyl).(L)-3,4- 


453.3 




dehydroprolyl.(L)-4-fluorophenylalaiune 


N-(3-fluorobenzenesulfonylML)-4(R)- 


455.0 




hydroxyprolyl-(L)-4-fluorophenylalaiune 


N-(3-chlorobenzeneauifonyl)-(L)-4(R)- 


471.0 


(126) 


hydroxyprolyl-(L)-4-fluorophenylalaiune 


iNK3,5-dichlorobeii2ene8ulfonyl)-(L)-pipecolyl-(L)- 
4-tluorophenylalanine 


503.1 




JN -vo-iiuoroben2enesulfonyl)-(L)-3 ,4- 


435.3 




aehydroprolyl-(L)-tyroaine 


(128) 


«H4,5^chloro-2-tluopheiiesiilfonyl).(L)-prolyl. 


493.2 


(129) 


N-(3-fluorobenzene8ulfonyl).(L)-4(R). 


453.2 




hydro3cyprolyl-(L)-tyroaine 


(130) 


N-(3-chloroben2eneaulfonyl)-(L)-4(R)- 


469.2 




hydroxyprolyl-{L)-tyroaine 


(131) 


N.(3.fluorobenzeneaulfonyl).(L).pipecolyI^)^ 


453.3 




fluorophenyledanine 


(132) 


N-(3-fluorobenzeiieaulfonylML)-4(R). 


509.1 


(133) 


hydro3cyprolyl-a)-tyroaine, O-tert-butyl ether 


N-(3-chlorobenzene8ulfbnyl)-(L)-4(R). 


525.3 




hydroxyprolyl^)-tyroaine, O-tert-butyl ether 
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(134) N-(4,5-dichloro.2-thiophene8\ilfonyl)-(L)-3,4- 491.1 
dehydroprolyl-(L).tyro8ine 

(135) N.(3,5.dichlorobeii2eneatilfonyl)-(L).3(S).methyl- 503.1 
prolyl-(L)-4-fluorophenylalamne 

(136) N^4,5-dichloro-2.thiophenesulfonyI)-(L)-3,4- 485.1 
dehydroprolyHD-tyroaine 

(137) N-(3.fluoroben2eneaulfonyl)-(L)-3,4. 4911 
dehydroprolyl-a)-tyrosine, O-tert-butyl ether 

(138) N-(3^hlorobeiizenesulfonyl)-(L).3.4- 507^ 
dehydroprolyl-a)-tyrosine, O-tert-butyl ether 

(139) N-(3-chlorobenzene3ulfoiiyl).(L)-2(S)-methyl- 469.1 
prolyl-(L)-4-fluorophenylalanine 

(140) N-(3-chlorobenzene8ulfonyl)-(L)-2(S)-methyl. 467.3 
prolyHD-tyrosine 

(141) N-(3-chlorobenzenesTilfonyl)-(L)-2(S)-methyl. 523^ 
prolyl-Ofj-tyrosine, O-tert-butyl ether 

(142) N-(3,5-dichloroben2eneaulfonyl)-a)-2(S)-methyl- 501.0 
prolyl-(L)-tyrosine 

(143) N.(3.£luoroben2enesulfonyl)-(L).proIyl-a)-3. 563.1 
iodotyrosine 

(144) N-(3-chlorobenzenesulfonyl)-(L).prolyl.a)-3- 579.0 
iodotyrosine 

(145) N.(3.fluorobenzeneaulfoiiylHL)-prolyl-a)-3- 421.1 
phenylalanine 

(146) N.(3-chIorobenzenesulfonyl)-(L)-prolyl-(L). 437.3 
phenylalanine 

(147) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl.a)- 471.2 
phenylalanine 

(148) N-(3-fluorobenzenesiilfonylHL)-4(R). 
hydroxyprolyl-(L)-phenylalanine 

(149) N-(3-chlorobenzenestilfonyl)-{L)-4(R)- 
hydroxyprolyl.a)-phenylalanine 



437.3 
453.2 
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(ISO) 


N-(4,5-dichlopo-2-thiophene8ulfoiiyl)-(L)-3,4- 


476.1 


(151) 


dehydpoprolyHL)-3-(4-pyridyl)alanine 




N-(4,5-dichloro-2-tliiophenesulfonyl)-(L)- 
thiaprolyl-(L)-3-(4-pyridyl)alaiune 


495.9 


(152) 


N-(4,5-dichloro-2-thioplieneaulfonylML)-3,4- 


492.9 


(153) 


dehydroprolyl-(L)-4-fluoroj)henylalanine 




N-(3,5-dichlorobenzenesulfonyl)-(L)-4(R)- 


487.1 




hydroxyprolyl.(L)-phenylalanine 


(154) 


N-(3-trifluoromethylbenzeiie8nIfonyl)-(L>-prolyl. 
(L)-4-fluoropheiiylalanine 


489.3 


(155) 


N-(3-trifluoromethylbenzene8ulfonyl)-(L)- 
thiaprolyl-(L)-4-fluorophenylalanine 


507.0 


(156) 


N-(3-fluorobenaenesuIfonyl)-(L)-3,4- 


437.1 


(157) 


dehydroprolyl-a)-4-fluorophenylalamne 


N-(3,5-dichlorobenzenesuIfonyl)-(L)-prolyl-(L)- 
tyroaine, O-phosphoric acid 


567.0 


(158) 


N-(3-chlorobenzenesulfonyl)-(L)-4(R)- 
aminoprolyKD-tyrosine 


468.3 


(159) 


N-(4,5-dichloro-2-thiophene8ulfonyl)-(L)- 
thiaprolyHD-tyrosine 


510.9 


(160) 


N-(Ni-methyl-4-mudazole8ulfonyl)-(L)-prolyl-(L)- 
4-£luorophenyIalaiiiiie 


425.3 


(161) 


N-(3,5-dichlorobeiizenesulfonyl)-(D)-prolyl-(D)-4- 


489.1 




fluorophenylalanine 


(162) 


N-(4,5-dichloro-2-thiophenesulfonyl)-(L)-4(R). 
aininoprolyHL)-3-(4-pyTidyl)alaniiie 


492.9 


(163) 


N-(5-(5-trifluoromethyl.2-pyiidylaulfonyl)-2- 


636.1 




tluopheneaulfonyl)-{L)-prolyl-(L)-4- 




fluorophenylalanine 




(164) 


N-(5-(N-(4-chlorobenzoyl)aminoiiiethyl)).2- 


575.1 




auophenesulfonylHL)-prolyl^)-4- 




fluorophenylalanine 
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(165) N-(5-(3-(l-methyl-5-trifluoromethyl.pyra2oyI)).2- 594.0 
thiophenesulfonyl)-(L)-prolyl<L)-4- 

fl uorophenylalanine 

(166) N.(3.fluorobeiizene8ulfonyl)-2(S)-inethylprolyl- 507.3 
(L)-0-tert-butyI-tyro8ine 

(167) N-(3-fluorobenzeneaulfonyl)-(L)-4(R). 454^ 
ainmoprolyl.(L).4-fluorophenylalaimie 

(168) N-(3,5-dichloroben2enesulfonyl)-(L)-4(R). 504.3 
ammoprolyl.(L)-4-fluorophenylalanine 

(169) N-(3-chlorobenzenesulfonyl)-{L)-4(R)- 47Q j 

aminoproIyl-(L)-4-fluorophenylalanine 

(170) N-(3,5-dichlorobenzenes\ilfonyl)-(L)-4(S)- 5040 
aminoprolyl.(L).4-fluorophenylalaaine 

(171) N-(3-chlorobeiizeneaulfonyl).(L)-thiaprolyHL)-4- 473.3 
fluorophenylalanine 

(172) N-(4-bromo-5-chJoro-2-thiophenesulfpnyl)-(L)- 540.9 
prolyl-(L)-4-fluorophenylalanine 

(173) N.(4.5-dichloro-2-thiophenesulfoiiyl).(L)-prolyl. 513.0 
(L)-4-fluorophenylalanine 

(174) N.(3.5-dichlorobenzenesulfonyl).(L).tliiaprolyl- 756.7 
(L)-3,5-diiodot}rro8ine 

(176) N.(5-benzoylaininomethyl-2-thiophene8ulfonyl)- 560.1 
(L)-prolyl.(L)^.fluorophenylalaiiine 

(176) N-(3-chlorobenzene8ulfonyl)-(L)-prolyl-(L)-0.tert. 509.3 
butyl-tyrosiBe 

(1T7) N.(5-benzene8ulfoiiyl.2.thiophenesulfonyI)KL)- 567.0 
prolyl-<L)-4-fluorophenylalanme 

(178) N-(3-bromo.5-cUoro-2-thiophene8uIfonyl)-(L)- 540.9 
prolyl-(L)-4-fluorophenylalaiune 

(179) N-(3-chlorobenzenesulfonyl)-(L)-3,4- 4512 
dehydroprolyHD-tyroaine 

(180) N^3,5-dichloroben2ene3ulfonyl).(L).prolyl-(L)- 485.3 
homophenylalanine 
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(181) N-<4-benzene8ulfonyl-2.thiophenesulfonyl)-(L)- 621.1 
prolyl-(L)-0-tert-butyH7roaine 

(182) N-(6-benzoylaininomethyl.2-thiopheiiesxilfonyl)- 614.2 
(D-prolyWD^tert-butyl-tyrosine 

(183) N-(trans-2-pheiiyI-€thylene-8ulfonylHL)-prolyl. 501.3 
(L)-C)-tert-butyl-tyro8ine 

(184) N-(5.benzenesulfonyl.2-thiophene3ulfonyl).(L). 621.1 
prolyI-(L)-0-tert-butyl-tyro8iiie 

(185) N.(3-£luoroben2ene8ulfoiiyl).(L)-thiaprolyl-(L).0- 511.2 
tert-butyl-tyrosine 

(186) N.(beiizylaulfimyl)-a)-ppolyl-(L)-0-tert-butyI- 489.3 
tyrosine 

(187) N-(3,5-dichlorobenzeneaulfonyl)<L)-prolyl-a)- 426.2 
cysteine, amide 

(188) N.(l.methyl-4-imidazolyl8ulfonyl)^L)-prolyl.(L). 479.1 
O-tert-butyl-tyrosine 

(189) N.(4-(N-(4-dimethylaminophenyl)diazo)- 622.0 

benzenesulfonyl).(L)-prolyl.(L)-0-tert-butyl- 
tyrosine 

(190) N-(5.(4.trifluoromethylbenzene8ulfonyl).2- 690.2 

thiophenesuI£bnyl)-(L)-prolyl-(L).0-tert-butyl- 
tyrosine 

(191) N-O-bromobenzenesulfonylMD-prolyHD-O-tert- 553.2 
butyl-tyrosiiie 

(192) N.(4.methyl8ulfonyl-benzene8ulfonyl)^L).prolyl- 499.2 
(L)-4-fluorophenylalamne 

(193) N-(4.methoxyben2ene8ulfonyl)-{L)-prolyl-a)-0- 505J2 
tert-butyl-tyroaine 

(194) N.(4,5Miichloro-2-thiophene8ulfonyl).(L)-prolyl- 495.0 
(L)-3-fIuorophenylalanine 

(195) N-(5-chloro-2-thiophene8ulfonyl)-(L)-prolyKL)-4. 461.1 
fluorophenylalanine 
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(196) N-(3-chloroben2eneaulfonyl).(L)-thiaprolyl-a)- 471.0 
tyrosine 

(197) N-(3,5-dichIorobenzeiie8ulfonyl)-(L)-2(S)- 5536 
methylprolyHD-O-tert-butyl-tyrosine 

(198) N-(l(R)-(+).i0-camphor8ulfonyl)-a)-prolyl-(L)-O- 549.3 
tert-butyl-tsrrosine 

(199) N.(l(S)-(+).10.camphorsulf(5nyl).a)-prolyHL)-O- 549.3 
tert-butyl-tyrosine 

(200) N-(3,4.methylenedioxy-phenylacetyl)-a)-prolyl. 497.2 
(D-O-tert-butyl-tyrosine 

(201) N-(3-chlorobenzeneatdfonyl)-(L)-4(R). 551 q 
hydroxyprolyl-(L)-tyrosine-0-8ulfate 

(202) N-(3-chlorobeiizenesulfonylHL)-thiaproIyl-(L)- 553.7 
tyrosine-O-sulfate 

(203) N-{3.5-dichlorobenzeae3ulfonyl).a)-prolyl-(L)- 427.2 
cysteine 

(204) N.(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-N- 451.2 
methyl-isoleucine 

(205) N-(3,5-dichlorobenzene8ulfonyl)-(L)-4(R)- 553.3 
aininoprolyl.(L>0.tert-butyl-tyro8ine 

(206) N-(3-chlorobenzenesulfonyl)-(L)-4(R)- 5244 
aminoproIyl-a)-0-tert-butyl.tyro8ine 

(207) N-(3-cyanobenzenesulfonyl)-(L).prolyl-(L)- 444.3 
tyrosine 

(208) N.benzeneaulfonyl-(L).prolyl.a)-0-tert-butyl- 475.5 
tyrosine 

(209) N-(4-methyl8ulfonylbenzene8ulfonyl).(L)-prolyl- 553i2 
(L)-0-tett-butyl-tyro8ine 

(210) N.(4,5-dichloro.2-thiopheneaulfonyl).(L)w4(R). 5343 
aminoprolyl-(L)-0-tert.butyl-tyrosine 

(211) N-(4,5-<lichloro-2.thiophene3ulfonyIHL)-4(R). 510 1 
aminoprolyl-(L)-4-fluorophenylalanine 
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(212) N-O-fluorenylmethyloxycarbonylHD-prolyl^)- 485 
phenylalanine 

(213) N.(benzenesulfonyl)^).prolyl-a)-phenylalanine 403 

(214) N^n-octyl.l-sulfonyl)^)-prolyHL). 413 
phenylalanine 

(215) N.(3.fluorobenzenesulfonyl)-(L).6(R).phenyl. 515 
prolyHLM-fluorophenylalanine 

(216) N-(3.5-dichloroben2enesulfonyl)-a)-3(R).phenyl- 582 
prolyl-(L)-4-iodophenylalanine 

(217) N-(3,5-dichloroben2enesulfonyl)-l,2,3,4- 568 
tetrahydro isoquinoline-l-carbonyKL)^ 
fluorophenylalanine 

(218) N-(3,5-dichlorobenzeneaulfonyl)-l,3.dihydro 554 
isoindolyl-l.carbonyl-a)-l.fluorophenylalanine 

(219) N-(4.(fluore8cien-4.carbonylamino)benzene 879^ 
sulfonyl).(L).prolyl.(L).0-tert.butyl-tyroaine 

(220) N-(3-etho^carbonyl-benzenesulfonyl)-(L)-prolyl. 547^ 
(L)-0-tert-butyI-tyrosine 

(221) NK4-iodoben2enesiilfonyl)-a>-prolyHL).4- 633,0 
benzoyl-phenylalanine 

(222) N^3-(4-benzophenonyl-carbonylaniino)- 698^ 

benzene8iilfonyl>-a)-prolyHL).0-tert-butyl- 
tyrosine 

(223) N-(3-(6-(biotinylamino)-n-hexanoyl)- 8294 

aminoben2ene8ulfonyl)-(L)-prolyl-a)-0.tert- 
butyl-tyrosine 

(224) N-(3,5-dichlorob€nzenesiilfonyl).[3. l.OJ-3- 518 
azabicyclohexan6-2-carbonyHL)-4. 
fluorophenylalanine 

m/e: (M + l(ir))*or(M+ 18 (NH^)* 

EXAMPT.TT 9^2fr 
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To a solution of 14-Boc-2-naphthylalanine (1 0 g 3 17 
nunol) in a mixture of methylene chloride (7 mL) and cydohexane (14 
mL) were added t-butyl trichlcroacetimidate (0.60 mL. 3.35 nunol) 
and boron trifluoride-etherate (60 nL, 0.473 mmol). The reaction 
mixture was stirred for 5 hours at room temperature under a 
nitrogen atmosphere and then treated a second time with the same 
amounts of t-butyl trichloroacetimidate and boron trifluoride^therate 
as above. After stirring overnight, the mixture was filtered and the 
mtrate evaporated. The product was obtained pure by silica gel 
chromatography eluting with 10% diethyl ether in hexane; yield 843 
mg The product was treated with IM HCl in ethyl acetate (11.5 mL) 
for 18 hours at room temperature. The mixture was evaporated and 
coevaporated several times with diethyl ether to afford the title 
compound; yield 670 mg. 

400 MHz IH NMR (CD3OD): 5 1.38 (s. 9H); 3.29-3.46 (m. 2H)- 4 28 (t 
IH): 7.40-7.90 (m, 7H). ' • ^ . 

^^P^- N-(Ben7v]oTrvcarbnT,^^)-(T,)^pTTrl: 
naphthvDnlanin^ tftn - h «tv1 ""tT 

To a solution of H-(benzyloxycarbonyl).(L)-proline (536 mg, 
2.15 mmol) in methylene chloride (25 mL) were added 1- 
hydra^benzotxiazole (434 mg. 3.21 mmol). M-methylmorpholine 
Lv^c^f" ! <I^-2-naphthylalanine tert-butyl ester 

hydrochloride (660 mg. 2.14 mmol). After cooling in an ice-bath for 5 
minutes. HS-dimethylaminopropyD-S-ethylcarbodiimide 
hydrochloride (EDC) (493 mg, 2.57 mmol) was added. After 15 
minutes the cooling bath was removed and the mixture stirred 
overmght under a nitrogen atmosphere. The mixture was diluted 

N^CO, """^"^ "^"^ 2M HCl. saturated 

NaHCOa solution, saturated brine solution, dried (ankydrous 

magnesium sulfate), and evaporated. Silica gel chromatography 
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eluting with 30% ethyl acetate in hezane aflPorded pure title 
compound; yield 877 mg (81%). 

Step C: (L)-Proly1- a,m2-naphthyl>Rl«.inA to^^-^nt Tl frrtrr 

A solution ofII-(benzylo^arbonyl)-(D-prolyI-(D-2- 
naphthylalanine tert-butyl ester (870 mg, 1.73 mmol) in methanol (30 
mL) was hydrogenated under an atmosphere of hydrogen gas in the 
presence of 10% palladium-on-charcoal (75 mg) until complete 
disappearance of starting material (several hours) as indicated by 
TLC (30% ethyl acetate in hexane). The catalyst was removed by 
filtration through Celite. the filter washed with methanol, and the 
combined filtrate and washings evaporated to afford an oil that 
crystallized upon standing; yield 604 mg (95%) 
400 MHz IH NMR (CD3OD): 6 1.40 (s, 9H); 2.00 (m. IH); 2.79 (m, 2H); 
3.16 (dd, IH); 3.58 (dd, IH); 4.67 (dd, IH); 7.32-7.81 (m. 7H). 

S*ep N-(3 ■ {?-Dich1o^ ^bftT^?;ftnpfl^llf onvnwT.^.pyplv1.rT■'>..<^. ry. 
naphthynalBTiiTiP »«» rt-bMtv1 ^. ^t ftr 

To a solution of (D-prolyl-(D-2-naphthylalanine tert-butyl 
ester (400 mg. 1.09 mmol) in methylene chloride (10 mL) were added 
ILil-diisopropylethylamine (470 fiL, 2.70 mmol), 4- 
dimethylaminopyridine (13 mg, 0.106 mmol), and 3,5- 
dichlorobenzeneaulfonyl) chloride (320 mg. 1.30 mniol). The reaction 
mature was stirred for 2 hours at room temperature, diluted with 
methylene chloride, washed with water, 2KHC1. saturated NaHCOs 
solution, saturated brine solution, dried (Anhydrous magnesium 
sulfate), and evaporated. Pure title compound was obtained by siUca 
gel chromatography eluting with 20% ethyl acetate in hexane- yield 
501mg(80%), 

400 MHz IH NMR (CD3OD): S 1.40 (s, 9H); 1.53-1.89 (m. 4H); 3.20-3.46 
(m. 4Hh 4.20 (dd, IH); 4.69 (dd. IH); 7.40-7.80 (m, lOH). 
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(247) N-(3.5-<iichloroben2eneaulfonyl)).(L)-2-methyl- 535 
prolyl.{L)-3-(2-naphthyl)-alanine 

(248) NKbenzenesulfonyl)-(L)-prolyl-a)-3-(2. 453 
naphthyDalanine 

(249) N-(4-N'-phenylureidoben2eiiesulfonyl)-(L).prolyl- 5ff7 
(L)-3-(2-naphthyl)alaiuiie 

(250) N^3-fluorobeii2enesulfonyi)-(L).5.5-dimethyl- 499 
prolyl-(L)-3-(2-naphthyl)alamne 

(251) N-(4.N'-(2-toluyl)ureidobenzenesulfonyl)-(L)- 601 
prolyl.(L)-3-(2-naphthyl)alanine 

(252) N-(3-fluorobenzenesulfonyl)-(L).prolyl-(L)-4- 547 
iodophenylalanine 

(253) N-(4.N'-benzylureidobenzenesulfonyl)-(L)-prolyl. 601 
(L)-3-(2-naphthyI)alaiime 

(254) N-(phenyloxalylHL)-prolyl.(L)-3^2. 445 
naphthyDalanine 

(255) N.(bei«yiaminocarbonyl)-(L)-prolyHL).3.(2. 445 
naphthyDalanine 

(256) N.(3.fluorobenzeneaulfonyD.(L)-2(S)-methyl. 470 
prolyl-(L)-4-fluorophenylalanine 

(257) N-(3,5-dichlorobenzene8ulfoiiyl)KL)-2(S).methyl- 520 
prolyl-(L)-4-fluorophenylalanine 

(258) N.(3,5-dichlorobenzenesulfonyD-(L).prolyI.(L)- 565 
phenylalaninamide-N-methylsulfonamide 

(259) N.(3.5-dichlorobenzene8ulfonyl)KL).2(S)-methyl- 628 
prolyl-(L).4-iodophenylalanine 

(260) N.(3.fluoroben2ene8ulfonyl).a).prolyl.(L)- 261« 
phenylalaniBe 

(261) N-(3,5-dichlorobenzenesulfonylML).5- 520 
methylprolyl-(L)-4.fluorophenylaIanine 

(262) N-(3.5-dichlorobenzenesulfonyl).3. sgg 

phenylazetidinylcarbonyl-(L)-4- 
fluorophenylalanine 
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(263) N-(3,5-dichlorobenzeneauIfonylHL)-2(S)- 529 
allylprolyl-(L)-4-fluorophenylalaiuiie 

(264) N-(3,5-dichloroben2eneaulfoiiyl)-(L)-2(S)-inethyl- 
prolyl-(L)-phenylalamne 

(265) N-(3-trifluoromethylbenzeneaulfonyl).(L)-2(S)- 530 
methyl-prolyHL)-4-nitro-phenylalanine 

(266) N-(3,5-dichlorobenzeneauIfonyl).(L)-3(R).methyl- 502.3 
prolyl-(L)-4-fluorophenyl€daniiie 

(267) N-(3.5-didilorobenzeneaulfonyl)-(L)-2(S)-methyl. 509 
prolyl-(L)-4-cyaiiophenylalaniiie 

(268) N-(3,5-dichlorobenzene8ulfonyl)-{L)-2(S)-methyl- 545 
prolyl.(L)-4-(aimnocarbonyl)-phenylalaiiine 

(269) N-(3,5-dichloroben2eneaulfonyl).a)-3(R)-methyl- 631.4 

prolyl-(L)-4-(N-t-butojqrcarbonyIaniinomethyl)- 
phenylalanine 

(270) N-(3,5-dichloPobenzeiiesulfonyl)-a)-3(R>-methyl- 514.3 

prolyl-(L)-4-(anunomethyl)-phenylalanme 
* m/e: (M + 1 (H*))* or (M + 18 (NH^)* 

*• (M - 159: N/SOjAr cleavage) 



N-(3-TrinuoromethYlphenYlH,ilfo»vlWT.^.orfa> ,ni«>thvl-pw.iyi -q,^,^_ 

* solution of N-(3-trifluoromethylphenylaulfonyl)-(L)- 
2(S).methyl.prolyl.a)-4-mtrt,phenylalaiune. methyl eater (0.45 g 0 85 
mmol; prepared according to the methodology described in Example 225) 
m methanol (40 mL) was added 10% palladium on carbon catalyst (50 
mg) and the resulting black suspension was stirred under 1 atm of 
hydrogen for 45 min. The reaction mixture waa filtered (Whatman 
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^^P^- N-(3.ff-T>irhlnrob«.nroT,n f ,n|fnpvnwT,)-pT^|y| g . o 
nanhthynalaTiinp 

(224)A cooled solution of li-(3.5-dichlorobenzeae8ulfonyl)).(D-prolyI- 
(D-2-naphthylalaiune tert-butyl ester (497 mg. 0.861 mmol) in 
methylene chloride (25 mL) was treated with trifluoroacetic acid 
(3.5 mL. 0.045 mol). The cooling bath was removed, and the 
mixture was stirred until TLC (25% ethyF acetate in hexane) 
indicated complete disappearance of starting material. The 
reaction mixture was then evaporated, coevaporated with 
meaiylene chloride (3X). toluene (2X), and finally methanol The 
product was dried under high vacuum; yield 445 mir (99%^ 
MS: m/e 521 (M); 537 (M + NH3) ^ ^ 

400 MHz IH NMR (C3)30D): 5 1.51-1.87 (m. 4H); 3.19-3.46 (m. 4H); 4.20 
(dd, IH); 4.80 (dd, IH); 7.39-7.82 (m, lOH). 

The following compounds were prepared by the 
proc^ures described in Example 225 using the appropriate amino 
acid derivatives and acyl or sulfonyl chloride or alkyl or aryl 
isocyanate: 



Ex. 


Compound Name 


MS * 


(226) 


N-[4-(N'-2.toluylureido)phenylacetyl.a).prolyl- 
(L)-norleucine 


495 


(227) 


N-(3 .4-dimethoxyben2oyl).a)-prolyl-(L)- 
norleucine 


398 


(228) 


N-(3,4.dimethoxybenzene8ulfonyl))-a)-pipecolyl- 
(L)-tryptophan 


516 


(229) 


N-(4-nitrobenzenesulfonyl))-(L)-prolyI-(L)- 
norleucine 


414 


(230) 


N.[3.5-di(trifluoromethyl)ben2ene8ulfonyl)]-(L)- 
prolyl.(L)-norleucine 


505 
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(231) 


N-(3,5-dichlorobenzene8uIfonyl))-(L)-prolyl-(L)- 

QOPieUClllG 


437 


(232) 


i^no traiuoromethylben2enesulfonyl))-(L)-prolvl- 
vLij-norleuciiie 


■ 437 


(233) 


1^ "®^oyAani2iio)benzenesulfonyl))-(L)-prolvl- 
(ij)-norleucine 


488 


(234) 


i^n*-mei;no3cy-d,o-cliiutTobenzene8ulfonyl)-(L)- 


488 




proiyi-tLi^norleucine 


(235) 


N-{3-chlorobenzeiiesulfonyl))^).prolyl-(L)- 


402 




norleucine 


(236) 


N-(3-tri£luoroinethylb8nzenesulfonyl))-a)-prolyl- 

vxj^-o-i^-napntnyDalanme 


521 


(237) 


ttiMuoenzeneauiionyi))-{L)-proiyi-(L). 


414 




iiorleucine 


(238) 


v^-v.jraxiooenzeneauiionyl})-{Ij)-prolyl-(L)- 


394 




norieucine 


(239) 


i^N ^^»i>-aicmorobenzenesulfonyl))-(L)-prolyI-(L). 


510 




biyptopnan 


(240) 


J.1 no nieuiyiDenzenesulfonyl))^)-proIyl^L)- 
uorieucine 


383 


(241) 


^*'»*^^«^oroDenzenesulfonyl))-(L)-3(S)-methyl- 
proiyHLi)-3-(2-naphthyl)alaniiie 


535 


(242) 


N-(3-chlorobeii2ene8ulfonyl)^).prolyl-{L)-3-(2- 


488 




naphthyDalanine 


(243) 


N^3.fluorobenzenesulfonyl))-a)-prolylKL)-3-(2. 


471 




naphthyDalanine 


(244) 


N-phenylacetyl-a)-prolyl-a)-3-(2- 


431 




naphthyDalanine 


(245) 


N-(3-phenylpropionyl)-(L)-prolyl-a)-3-(2- 


445 




naphthyDalanine 


(246) 


N-(phenylainmocarbonylHL)-prolyl.(L)-3.(2- 


432 




naphthyOalanine 
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ayringless filter device) and rotoevaporated under high vacuum to an off- 
white solid (0.42 g. 99% yield) which was used in the following step 
without further purification. 

^H-NMR (400 MHz. CDCy: 5 8.12 (s. IH). 8.05 (d. IH, J = 7 8 Hz) 
5 7.81 (d, IH. J = 7.7 Hz), 7.64 (t. IH. J = -7.9 Hz). 7.03 (d, IH. J = 7 6 Hz) ' 
6.97 (d^ 2H. J = 8.4 Hz). 6.73 (d. 2H. J = 8.4). 4.76 (m. IH). 3.75 (s. 3H). 3:48 

^a'^'o ^ = '^-2' H^>' 2-98 (dd. IH. J = 14.2. 

6.9 Hz), 2.29 (m. IH), 1.78 (m, IH), 1.62 (m. 2H), 1.57 (s. 3H). 

To a solution of N<3-trifluoromethylphenylflulfonyl)-(L). 
2(S)-methyl-prolyHL)-4-anunophenylalanine. methyl ester (42 mg. 0.082 
mmol) in dry dichloromethane (0.5 mL) at 0 "C. was added successively 
2.6.1utidine (0.03 mL. 0.25 mmol; 3.0 equiv). acetyl chloride (0.01 mL 
0.125 mmol; 1.5 equiv), and 4Kiimethylaminopyridine (10 mg 0 082 
mmol; 1.0 equiv). The yellow reaction mixture was stirred o'vemight 
After this time. 1.0 N hydrochloric acid was added foUowed by extraction 
with ethyl acetate (3x). The combined organic layer was successively 
washed with saturated sodium bicarbonate solution and saturated salt 
solutaon and dried over anhydrous magnesium sulfate. The mixture 
r^«. concentrated to furnish an orange-yeUow oil (46 mg, 

100% crude yield) which was purified by preparative thin layer 
"^'^^^y}^'^ «ttyl acetate. 20% hexanes). Yield: 39 mg (86%). 

, «o ^'^'^ ' ^' J = 8 0 Hz) 

7.82 (d, IH. J = 7.7 Hz). 7.64 (t. IH. J = -7.9 Hz). 7.41 (d IH J - 8 4 Hz) 
7.25 (s. IH), 7.09 (d. 2H, J = 8.4 Hz). 7.07 (d. IH J = -8 0^) 4"8ot^^ 
3.75 is. 3H). 3.49 (m. IH). 3.24 (m. 2H). 3.04 (dd. IH. J =-lli 7 0^)^' 
2.29 (m, IH). 2.13 (s, 3H). 1.75 (m. IH). 1.61 (m. 2H). 1.57 (s. 3H).' 

f!^^,^'- N-f3-trif1iif>rompthYlnhfTiyhn1fonvi).rTx orfiy^ ^ ^h Y] nrnlTl 
(L)-4-acetaTt>inophopY^n1rminr 



20 



26 



30 
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To a solution of N-(3-trifluoromethyl)-2(S)-methyl-prolyl-4- 
acetaimno-(S)-phenylalanine, methyl ester (33 zng, 0.059 mmol) in 
ethanol (10 mL) was added 0.2 N sodium hydroxide solution (0.60 mL. 
0.12 mmol; 2 0 equiv). The reaction mixtui^ was stirred overnight (15 h) 
and t^en acidmed with 1.0 N hydrochloric acid and extracted with ethyl 
acetate (3x). The combined organic layer was washed with saturated 
salt solution, dried over anhydrous magnesium sulfate, and 
rotoevaporated to yield an off-white soUd (31 mg, 97% yield) 

MS: m/e 642 (M+H*); 559 (M+NH/) 

7 7« T«T "^'""^^ ' ^ 2H). 7.95 (d, IH. J = 7.7 Hz). 

3 43 : '-'^ 2H. J = 8.4). 4.69 (m. IH). 

2.08 (3, 3H), 1.71 (m, 3H). 1.56 (s, 3H). 

The following compounds were prepared by the 
procedures described in Example 271 using the acyl or sulfonyl 
chlonde or alkyl or aiyl isocyanate: 



Ex. Compound Name 



MS* 



(272) N-(3-trifluoromethylphenyl8ulfonyl)-(L)-2(S)- 633 
methyl-prolyl-(L)-4-(N'-(2- 
toluyl)ureido)phenylalanine. 

(273) N-(3-trifluoromethylphenylsulfonyl)-a)-2(S). 718 
methyl.prolyl-(L)-4-(N'-(4'- 

fluorophenyl8ulfonyl)ureido)phenylalanine. 

(274) N.(3-trifluoromethylphenylsulfonyl)-(L)-2(S)- 572 
niethyl-prolyl-(L)-4- 

(ethoxycarbonyDaminophenylalanine. 

(275) N-(3-trifluoromethylphenylsulfonyl).a)-2(S)- 766 
methyl-prolyl-(L)-4-(4'-(N'-(2- 

toluyl)ureido)phenylacetyl)aminophenylalanine. 
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flBQrobftnzovnnhat^Yl fl nnin r 

Step A: 




658 



618 



622 



600 



(276) N.(3-trifluoroinethylphenylsulfonyl)-(L)-2(S). 
methyl-prolyl.(L)-4-(4'- 

fluorophenylsulfonyDaminophenylalanine. 

(277) N.(3-trifluoroinethylpheiiylsulfonyl)-(L).2(S). 
methyl-prolyl-(L)-4- 

(phenylacetyDaminophenylalanine. 

(278) N.(3-trifluoromethylphenyl8ulfonyl).a)-2(S)- 
methyl-prolyHL)-4-(4'- 

fluorobenzoyDaminophenylalanine. 

(279) N-(3-trifluoromethylphenylauIfonyl).(L)-2(S)- 
inethyl-prolyl.(L)-4- 

(isobutyloxycarbonyDaminophenylalanine. 

(280) N.(3-trifluoromethylphenylsulfonylHL)-2(S). 578 
methyl-prolyl-(L)-4- 

methylaulfonylaminophenylalanine. 

(281) N-(3-trifluoromethylphenyl8uIfonylHL)-2(S)- 637 
methyl-prolyl-a)-4-(N'-{4- 

fluorophenyl)ureido)phenylalanine. 

(282) N-(3.trifluoromethylbeiizenesulfonylHL).2(S). 621 
methyl-prolyl-(L)-4-(N.(l,l-dioxo-l,2- 
isothiazoUdinyD-phenylalanine 

(283) N-(3-trifluoromethylphenylBulf£mylHL)-2(S)- 585 

methyl-prolyHL)-4-(N'<4-(2-oxo-l-pyn^lidinyl). 
phenylalanine. 

* ni/e: (M + 1 (HO)* or (M + 18 (NR,*))* 
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To a suspension of N-Boc-4.iodo-(D.phenylalanine (1.0 g. 2.56 
nunol) in methylene chloride (7 mL) and cycloherane (14 mL) were 
added t-butyl trichloroacetiinidate (0.48 mL, 2.68 mmol) and boron 
tnfluoride^therate (48 ^L). The reaction mixture was stirred for 5 hours 
at room temperature under a nitrogen atmosphere and then treated a 
second time with the same amounts of t-buiyl trichloroacetimidate and 
boron trifluoride^therate as above. After stirring overnight, a third 
addition was made, and the mixture was stirred a further 3 hours The 
mixture was then filtered and the filtrate evaporated. The product was 
obtained pure by sflica gel chromatography eluting with 10% diethyl 
ether m hexane; yield 650 mg. The product was treated with IM HCl in 
ethyl acetate (7.3 mL) for 18 houxB at room temperature. The mixture 
was evaporated and coevaporated several times with diethyl ether to 
afford the title compound; yield 522 mg 

400 MHz IH NMR (CD3OD): 5 1.42 (s. 9H); 3.13 (d. 2H); 4.18 (t, IH); 7 09 
(d, 2H); 7.75 (d, 2H). 

To a mixture of (L)-proline methyl ester hydrochloride (838 
mg, 6.06 mmol) in methylene chloride (25 mL) at 0»C were added N.K- 
dusopropylethylamine (2.64 mL, 15.2 mmol) and a solution of 3 5- 
dichlorobenzenesulfonyl chloride (1.49 g. 6.07 mmol) in methylene 
chlonde (5 mL). The cooling bath was removed, and the mixture was 
starred overnight at room temperature. It was then diluted with 

T^SnT «i hydrochloric add. saturated 

NaHCOs. saturated bnne solution, dried over anhydrous sodium 

sulfete. and evaporated. The methyl ester was obtained pure by silica gel 
chromatography eluting with 10% acetone in hexane; yield 1 49 g It 
was then taken up in ethanol (50 xnL) and treated with 0.2 M sodium 
hydroxide (26.6 mL) for 1.5 hours at room temperature. The mixture 
was addified with gladal acetic add, concenta-ated, the residue taken up 

dned (Na2S04). and evaporated to give the title compound; yield 1.4 g. 
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400 MHz iH NMR (CD3OD): 5 1.80-2.15 (m, 4H); 3.35-4.45 (m, 2H); 4.30 
(dd, IH); 7.76 (m, IH); 7.83 (m, 2H). 

Step C: N-(3.5-DichlQroben2eneaulfonvlWLVprolv1-rL)-4. 
5 iodophenvlalanine. tert-butvl eater. 

To a solution of H-(3,5-dichlorobezizenesulfonyl)-(L)-proline 
(386 mg, 1.19 xmnol) in methylene chloride ('23 mL) were added 1- 
hydroxybenzotriazole (241 mg, 1.79 mmol), H-methylmorpholine (0.33 
mL, 2.98 TTimol), and 4-iodo-(L)-phenylalanine tert-butyl ester 

10 hydrochloride (468 mg, 1.19 mmol). After cooling in an ice-bath for 5 

minutes, l-(3-dimethylaminopropyl>3-ethylcarbodiimide hydrochloride 
(EDO (274 mg, 1.43 znmol) was added. After 15 minutes, the cooling 
bath was removed, and the mixture was stirred overnight under a 
nitrogen atmosphere. The mixture was diluted with methylene 

15 chloride, washed with water, IH HCl, saturated NaHCOs solution, 

satiirated brine solution, dried (Anhydrovis magnesium sulfate), and 
evaporated. SiHca gel chromatography eluting with 20% ethyl acetate in 
hexane afforded pure title compoimd; yield 651 mg (84%). 
MS: m/e 663 (M + 1) 
20 400 MHz iH NMR iCDsOD): 5 1.45 (s, 9H); 1.65-1.85 (m, 4H); 3.0 (dd, IH); 

3.13 (dd, IH); 3.45 (m, IH); 4.20 (m, IH); 4.55 (dd, IH); 7.05 (d, 2H); 7.64 (d, 
2H); 7.80 (s, 3H). 



StepD: N-(3.5-dichlorobenzene8 ulfonvlV(L)-prolvWI.V4-(4^ 

26 fluorobenzoyDphenvlalanine. tert-butvl eater. 

A solution of N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-4- 
iodo-(L)- phenylalanine tert-butyl ester(100 mg, 0.15 mmol), 4- 
fluorobenzeneboronic acid (23 mg, 0.16 mmol), potassium carbonate(62 
mg, 0.45 mmol), bis(triphenylphosphine)-palladium(II) chloride (4 mg, 

30 0.0057 mmol) in anisole(4 ml) was flushed with nitrogen, then flushed 
with CO, and a balloon of CO was attached. The solution was then 
stirred at 80*C for 5 hours on a timer overnight. The following day the 
solution was diluted with methylene chloride, washed once with water, 
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once with brine, dried over At^U^a^^ 

removed in vacuo Ita^^'^ m«I!n.«u=. ^ 

a..tein.,«,,e.ee^:::*;:,*X°?7^r 
5 MS: m/e 666.2 (M+H+NH,) 

methylene cMoridea^ mSZ'c^ ^ T?' ""'^ " 
« (0.167 ml. 2.17 mmol, wa, Z a^^ ZTi 

"action mirtnpe wa. .11™-^. ■"emoved and 

Tl>e reac^^t^CL"^*" 7 ""l^^' " ™" .«nperature. 

cUoHae<2X,. .o.„ene<i"^Z.CS,lr'°T.'^* 
pure by eluting ^th 20% ethyl aetata 7„„..^^ 
8% methanol in methylene <L^Z7^^'T°^'- 
MS: m/. 609.8(M*H+NH ) -gCM*) 
400 Mhz .H NMK (CD.OD): S l,6-1.95(m 4H)- 3 l 3 

procedure d^^^t^-,^^ J- f-P— By the 
-ylbo^ic acid de.^v.«rri?l^ *' appropriate 



20 



aiylbcaronic acid derivative in Step D: 

Ex. „ 

Compound Name 

(289 



MS* 



N^3 5-dicUo™^^ 604 8 

(2-methoxyben2oyl)phenylalanine 
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(286) N-(3.5.dichorDben2ene8ulfonyl).(L)-2(S).methyl- 624 

• / rru, 1^ P"'y^-^L>-4-^4'-fl^"°ben2oyl)pheaylalanine 

• m/e: (M + 1 (H*))- or (M + 18 (NH,*))* 

EXAMPT,p ; 

a=fluprofT.hydroTYh.nTYl)rhi ..ilnli ,,,.-,., t.r..>,„^, .^^ . ^ 
A solution ofN-(3.5-dichorobenzenesulfonyi)'a -p«ly -^^^^ 

rr."^rr - f - =^ 

! r removed^ 
wath no further punfication in the subsequent reaction. 

f4-fl^iftrPhpn-nri'>T>hpny^f,lnniTir 



solution successively washo^ . , acetate and the 

,nl„« J saturated sodium bicarbonate 

::^«r3r:'i::; r ""L"^ 

sulfate. After the mixture was filtered, the solvent was 
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removed by rotoevaporation. The residue was purified by flash column 
chr«natography on silica gel eluted with 97.75% dichloromethante 2% 
methanol and 0.25% acetic add to yield the title compound (14 mg) 
M/S: m/e = 597.2 (M + NH«) 

(m. IH). 3.2^.4 (m, 3H), 3.88 (a, 2H), 4.1^.2 (m, 1 H). 4 6-1 7 fm im « on 
(t. J= 9. 2H). 7.1-7.22 (m. 6H). 7.72 (s. 2H). 7.76 Is, 1^. * ^' " 

The foUowing compounds were prepared by the 
procedures described in Example 287: 



Ex. 



Compound Name 



MS * 



(288) N-(3.5.dichlorobenzene8ulfonyl).a)-prulyl.(L)-4- 608.3 
(2-methoxybenzyl)phenylalanine 
* m/e: (M + 1 (H*))* or (M + 18 (NH,*))* 



EXAMPT.TC 




20 Step A: 



25 



.r.A . ■ " of N.Boc.a)-tyrosine. mettyl est^'lsOO mi)' 

and potassium carbonate (467 mg) in dimethylformamide (5 mL) ^ 

wtitt^rVr^T'^'"'''^""^'''"'^^^ Tl^eyeUow solution 
I^ tr u temperature. The mixture was diluted 

wiA ether which was subsequently washed with IN hydrochloric acid 

^ J^' ^ rotoevaXtaoTto 

reaction without further purification. 
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»H NMR (400 MHz, CD,OD): 6 1.38 (s. 9H). 3.85-3.15 (m. 2 H) 4 3-4 4(m 
IH), 6.95-7.1 (nx. 3H). 7.24-7.3(m. 3H). 7.55-7.61 (t. IH). 7.97-7.97(m.' IH)'. 

m.) wa, ;.^°:=-^2-mtrophenoxyML)-phenylalanine. methyl ester (600 

7o"l8tr " : " °' hydrochloric acid in ethyl acetate (10 

mL) for 18 hours at room temperature. A precipitate formed, the solvent 
was removed by rotoevaporation. and co-evaporated with Et,0 (2x) T^e 
sohd was than suspended with eii.yl acetate, filtered, washed liL 

ether, and allowed to air d^. The titie compound was recovered 
(490 mg) and used in the subsequent reaction without further 
purification. 

7^ f ^^«^>-<L>-P^-3rlalani^ methyl ester hycLchloride 

(4^ mg). l.hydro:.ybenztriazole (255 mg). N-methyUnorpholine (0 35 mL) 
m dichloromethane (32 mL) was cooled to 0 -C l-(3- ^«^" d&inL) 

^t^^^r^''^'^'''^'^'^'' hydrochloride (EDC; 289 mg) 
was then added. The reaction was aUowed to warm to room 

t^perature and sti^ed for 17 hr. The reaction was diluted with 
didiloromethane (100 mL) and successively washed with water IN 

soiunon. The organic layer was dried over anh^rfT^«» ^„ 
aulfatA Tk^ over annydrous magnesium 

sulfate. The solution was filtered and the solvent removed by 
rotoevaporation. The residue was purified by flash column 

c^matography on silica gel eluted witii 20% ethyl acetate in hexane to 
rt Tit '''' - subsequen 
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N.(3,5-Dichlorobenzeneatilfonyl)-(L)-prolyl^). 
5 methyl ester (110 mg) was dissolved 

IdSL " 2° "-<=«o- was 

a^d^ed wxth acelac aod and the solvent removed by rotoevaporation. 
The residue was dissolved in ethyl acetate (40 mL), and the solution 

10 s^"::Zrfrf I' ^^^^ ^^^"^ ^^--^-te somtion L 

10 saturated salt solution. The solution was dried over anhydrouus 

m«S«»e»»msulfete. then filtered and the solvent removed by 
rotoevaporation to aflFord the title compound (40 me) 
M/S: m/e 625(M+NH^>* 

'H NMR (400 MHz, CD,OD): 5 1.63.1.72(m, IH). 1 75-2 92(m 3H> ^ 01 
15 3.08(dd. IH). 3.25-3.36(m. 2H). 3.4-3.5 (m. il^^.l^Tdd^^^ 

20 w u^- '^'•"P'*"^'* was prepared by the procedures 

20 described m Example 289: "*.eaures 

Example Compound Name mS* 

(290) N.(3,5.dichloroben2ene8ulfonyl)-(L)-prolyl.a)-4. 625 
(4-mtrophenoxy)-phenylalanine 

(291) N-(3.6-dichloroben2ene8ulfonyl).a)-2(S)-methyl. 639 

•n^.. ,^^/"ly^-<L>-^2-nitrophenoxy)-phenylalanine 
• m/e: (M + 1 (IH)* or (M + Ig (NH,*))* 

^ EXAMPT T^ 
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ammophPTioTv)-n>,^r,y|„|^ni n R n,»^h YT "rrtrr 

(4.5 mL) was added u-on filings (42 xng) and acetic acid (0.5 xnL) 
R^ct^on was refluxed for 3 h then cooled to room temperature. The 
mature was filtered through a pad of celite and the solvent was rioved 
by rotoevaporation. The resultant tar was dissolved in ethyl acetirZ 
su„iy hed with saturated sodium bicarbonate soluJontd 
sat^ted salt solution. The organic layer was dried over anhydro" 

' T'^ ""^ "--^'^ rotoevaporation 

The resiude was punfied by flash column chromatography on sLa Z 
eluted with 40% ethyl acetate in hexane to afford N^s ^ 

dzchlorobenzenesulfonyIHL)-prolyHL)-4-(2-aminophenoxy)- 

rtew"^'* ^^^^ "^'^ "^^^ ^ -b-'^-t 



^-^3,5-dichlorobenzenesulfonyl)-(L)-prolyl-a)-4-(2. 
anunophen«^-phenylalanine. methyl ester was hydrolyzed by the 
procedure in Example 289. step D to afford N-(3 5- 

25 S^^a^rr^^^^ 
M/S: m/e S7S(M+1). 

•H NMR (400 Mlb. CD.OD): S 1.62-1.9 (m, 4H). 3.0-3.07 (dd IH) 3 2 

30 "mi ^ ™' "I 3H), 8.i:8a5 
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To a solution of N-O.S-dichlorobenzenesulfonylHD-prolyl- 
a)-4-(2-aniino.phenoxy)-phenylalanine. methyl eater (55 mg) in pyridine 
(0.31 mL) and dichloromethane (4 mL) was dropwise added acetic 
anhydride (0.16 mL). After stirring for 1 hr. the reaction was diluted 
with dichloromethane (50 mL) and successivley washed with water and 
saturated salt solution. The solution was dried over anhydrous 
magnesium sulfate, filtered and the solvent removed by rotoevaporation 
The residue was purified by flash column chromatography on siUca gel 
eluted with 5% ethyl acetate in dichloromethane to afford N-(3 5- 

dichloroben2enesulfonylHL)-prolyl.(L)-4-(2-acetylaminophen<iy)- 
phenylalanine, methyl ester (41 mg) which was used in the subsequent 
reaction. 

^*®P N-(3.5-Dichlnrohpn^«n»«»lf^„v]WT.^.p^|y| - (j , ^ ^ 

aCetylaTninophPT»n-rY)-phenv1«UTT^T^^ 

N-(3,5-dichlorobenaenesulfonyl)-(L)-prolyl-(L)-4-(2- 
acetylaminopheno,y)-phenylalanine, methyl ester was hydrolyzed by the 
procedure in Example 289, step D to afford N-(3,5. 

dichloroben2ene8ulfonyl)-a)-prolyl-(L)^2.acetylaminophenoxy). 
phenylalanine. 

M/S: m/e 637(M+NHJ*. 

NMIt (400 MHz. CD3OD): d 1.6-1.95 (m. 4H). 2.06 (s. 3H). 3.0-3.08 (dd. 

at.: ^' ^-^^'^ ^' ^■^^•^-^ IH). 5.55-5.61 (m. IH). 
6.8-6.85 (d. IH), 6.91 (d, J= 9, 2H). 6.98-7.08 (m, 2H). 7.26 (d J=9 2H) 7 78 
(s. 3H). 8.85-8.90 (dd. IH). . ' ' 



The following compounds were prepared by the 
procedures described in Example 293: 
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Ex. 
(294) 
(295) 



* m/c: (M + 1 (IT))* or (M + 18 (NH*))* 



Compound Name 

N-(3,5-dichlorobenzenesulfonyl)-a)-prolyl-(L)-4- 

(4-acetylammophenoxy)-phenylalanine 

N-{3,5-dichlorobenzene8ulfonyl)-(L)-2(S)- 

methylprolylKL)-4-(2.acetylaminophenoxy)- 
phenylalanine 



MS' 

637 

636 



EXAMPT,f; ^pff 



IVl-fL)-pr.^|YH- 



10 Step A: 



N-Boc-4-f?-ryf^nonhpnnxY)-phpnyHlnTiin ^^y] n trT 

on. o « ? of N-Boc^).tyrosine. methyl ester 

205 mg 2.fluorobenzomtxile. 245 mg KF 40 wt% on alumina, 45 mrit' 
™. and 7 mL of acetonitxile was run at reflux for sevJn da^' L 
reaction was then dUuted with methylene chloride, and washed^tT 

:TZtl^'^'^^ thenlti 
«nl^ ^ P"^^** chromatography eluted 

H NMR (400 Mhz. CD,OD): 5 1.38(s, 9H). 2.9(dd. lH)r3.13(dd IH) 3 70(s 

Step B: 

eater hyHT- ochlnrj^^ 

^« v ^ • ''^ performed by an analogous procedure as 

desa^bed m Example 289. step B to yield the title com^unl 
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Step C: 

phenvlalnTiiTift rn^fhyl nTtnr 

™. of 131 mg of N.Boc.2-<S)-methyl.(L).proline. 190 

^^^^°P*^«^°^>-Phenylalaiune, methyl ester hydrochloride. 297 
mg PyBOP. and 4 mL of methylene chloride at 0-C was added 300 uL of 
dnsopropylethylamine via syringe. The reactants were aUowed to warm 
to room temperature and said reaction waa'run over the weekend. The 

m tT \f "^^^ ^""""^ -ethylene chloride, washed with water. 
IN hydrochloric add,, saturated sodium bicarbonate solution and 
saturated salt solution. The organic layer was dried over anhydrous 
magnesium sulfete and concentrated in vacuo. The product was 
pm^ed via siUca gel chromatography, eluted with 80% he3.ane:20% 
acetone to yield 263 mg of the title compound. 

!^nvl.U»,-.^"!|,^ ^^ ^^^^ 

A i..- P^'^"™** procedure 

described in Ebcample 289. step B to yield the title compound. 



as 



20 StepE: 




cv«n„ U °f N.Boc-2KS).methyl-(L)-prolyl^2- 

cyanophenoxy)-phenylalanine. hydrochloride. 61 mg 3 5- 

dichlorobenzenesulfonyl chloride, and 2.5 mL of tetrahydroforan at 0- C 

was aUowed to warm to room temperature and run at said temperature 

with water. IN hydrochloric add. saturated sodium bicari,onkte 
solution, and saturated salt solution.. The organic layer was dried over 

was purified via sihca gel diromatography. eluted with 80% hexane-20% 
acetone 1. yield 62 mg of of N-(3.6-diddorobenzenesulfonZ-(sirtfr 
(L).prolyl^(2-cyanopheno^)-phenylalanine. methyl esiL 

-69- 



wo 98/53814 

PCT/t;S98/l0940 



f^^' N-(3 . f?-PirMorPhenzpnemi]fonv1>-?.fs^.^.th Tl T,- nml r l 4- 
(3-cYannnhPTioxv)-nh^r.Yln]nTiinr 

fi r<?^. , " °^ °f N-(3.5.dichlorobea2enesulfonyl)-2- 

f t^^^f" methyl esL in 
5mL of ethanol was added a aolution of 11 potassium hydroxide in 2 
mL of water. A£terl.5 hours the solvent Was removed in vacuo The 

0.5 M hy<^onc acd and saturated salt solution. The organic layers 

7" tl'^'-' "^^^^^ ^^^^^ ~r^ ^ 
^ Ao"f — — -P-ated via HPLC using a 

^ t . T"' "'^^ "''^ '^'^ 20% WATER + 0.1% 

TFA. The faster elutmg product was shown to be the desired product 
M/S: m/e 619 (M+l+NH,) proauct. 

15 NMR (400 Mhz. CD3OD): 5 1.60(s. 3H). 1.7-1.9(m. 3H). 2.12.2.21(m 

1^. 3.08-3.16(dd, IH). 3.3.3.5(m). 4.65-4.76(m. IH). 6.91(d, J=8 LH) tW 
2H). 7.15 (t, IH). 7.36 (d. J=9. 2H). 7.4-7.5 (t, IH). 7.6-7.8(n;. 4H). 

20 described in S:j:;;:t6' ^^^^^"^^ 
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Compound Name 



MS^ 



(297) N-(3.5-Dichloroben2enesulfonyl).2<S)-methyl-(L)- 619 
prolyl-4.(4.cyanophenoxy).phenylalanine 



EXAMPT .T^ 

N-f3-5.] 



VQ-tert-hntvl-hyrffffin^, 
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To a solution of 3.5HiichlorobenaenesulfonyI-(L).proline 
(from Example 284, Step B) (1.70 gm, 5.23 mmole) in diy 
dichloromethane (15 mL) was added l-hydroxybenzotriazole hydrate 
(782.3 mg. 5.78 mmole) foUowed by N-methylmorpholine (1.45mL. 13.1 
5 mmole), a)-0.tert.butyl.tyro8ine, methyl eater hydrochloride (1.58 
gm. 6.31 mmole), and l-ethyl-3-(3-dimethylamino-propyl) 
carbodiimde (1.41 gm, 7.36 mmole). Additional dichloromethane (5 
mL) was added and the solution stirred under nitrogen at 25-C 
overnight. Water was added and the layers separated. The aqueous 

10 layer was extracted with ethyl acetate (3 x 15 mL). The combined 

orgamc layers were successively washed with water (2 x 20 mL) and 
saturated salt solution and dried over anhydrous magnesium sulfate 
After filtration, the solvent was removed by rotoevaporation. The 
residue was purified by flash column chromatography on silica gel 

15 eluted with 5-35% ethyl acetate in hexanes to yield N-(3 5- 

dichlorobenzenesulfonyl).a)-prolyl^L).O.tert-butyl-tyrisine, methyl 
ester as a pale white foam (2.85 gm. 98% yield). 
MS: m/e 557.4 (M+1)*. 

400 MHz IH NMR (CD3OD): 8 1.28 (s, 9H), 1.49-1.66 (m, 3H). 2.03-2 07 
(m. IH), 2.99 (dd. J = 14.0. 7.5 Hz, IH). 3.06-3.12 (m. IH). 3.19 (dd, J = 
14.1. 5.5 Hz. IH), 3.34-3.39 (m. IH). 3.74 (s, 3H), 4.04^.07 (m. IH) 4 76- 
4.81 (m. IH). 6.88 (d. J = 8.4 Hz, 2H). 6.99 (d, J = 8.4 Hz, 3H). 7.58 (t, J = 
L8 Hz, IH), 7.69 (d, J = 1.8 Hz, 2H). 

f**P^= N-(3.R-Di>Mnmbpn..»„„if^TrT]WT.w»i^j . fj,) _ o trrt 

butvl-tvrnainq, 

Under a dry nitrogen atmosphere, to a solution of 1.20gm 
(2.15 mmole) of N-(3,5-dichlorobenzenesulfonyl)-a)-prolyl-(L)-0-tert- 
butyl-tyrosine, methyl ester (1.20 gm, 2.15 mmole) in dry ethanol 
(25.8mL) was added dropwise an aqueous 0.2N sodium hydroxide 
solution (12.9mL, 2.58 mmole). The reaction was stirred for 1.5 hx at 
room temperature. A l.OM aqueous solution of acetic add (-2 mL) 
was added until pH 4-5 was obtained. The solvent was removed by 
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rotoevaporation and the residue dissolved in dichloromethane and 
water. The layers were separated and the aqueous layer was 
extracted with dichloromethane (3 x 20 mL). The organic layers were 
combined, and successively washed with water, saturated salt 
solution, and dried over anhydrous sodium sulfate. After filtration, 
the solvent was removed by rotoevaporation. The residue dissolved in 
a minim um of dichloromethane and purified on a 4000 jun silica gel 
plate on a Chromatotron, eluted with 1-10% methanol in 
dichloromethane to yield N-(3,5-dichlorobenzene8ulfonylHL).prolyl- 
(D-O-tert-butyl-tyrosine as a pale yellow foam (1.15 gm, 99% yield) 
MS: m/e 543.3 (M+1)*. 

400 MHz NMR (CD,OD) 5 1.28 (s, 9H), 1.60-1.69 (m, IH), 1.70-1.79 (m, 
IH). 1.82-1.89 (m, 2H), 3.02-3.06 (m, IK), 3.21-3.30 (m, 4H), 3.41-3.49 
(m, IH). 4.19 (br t, J = 6.60 Hz, IH). 4.62 (br s, IH), 6.90 (d J = 8 3 Hz 
2H), 7.18 (d, J = 8.4 Hz, 2H). 7.78 (s, 3H). 



EXAMPT.F. 9QQ 
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25 
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^**P^ N-(3.g-Dich1nrQbenzftneBiilfonvlVa.->-py^ lvl.(Lvo.^^^, 

butvl-tvrosinft tPrf-^yty] ^^^^y 

By the procedure of Example 284, step C, N-(3,5- 
dichlorobenzenesulfonylHD-proline was coupled with (L)-'o-tert- 
butyl-tyrosine, tert-butyl ester hydrochloride. The product was 
purified by flash column chromatography on silica gel eluted with 
5-35% ethyl acetate in hexane and isolated as a white foam (85% 
yield). 

MS: m/e 599.0 (M+1)*. 

400 Mhz 'H NMR (CDCU 5 1.28 (s, 9H), 1.42 (s, 9H), 1.56-1.63 (m 4H) 
2.05-2.08 (m. IH), 2.99 (dd, J = 14.0, 6.7 Hz. IH), 3.09-3.17 (m, 2H)' 3 35- 
3.38 (m, IH), 4.06-1.08 (m, IH), 4.67 (br dd, J = 14.0. 6.3 Hz. IH), 6.87 
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(br d. J = 8.5 Hz. 2H). 7.03 (br d, J = 8.4 Hz, 3H). 7.06 (br d. J = 7 6 Hz 
IH), 7.57 (t, J = 1.8 Hz, IH). 7.70 (d. J = 1.8 Hz, 2H). 

StepB: 

tert-bntvl girtffT. 

To a solution of N-(3.5-dichlorobeiizene8ulfonyl)KL)- 
prolyl.a)-0-tert-butyl-tyro8ine. tert-butyl e^ter (1.20 gm, 2.00 nunole) 
in diy dichloromethane (6 mL) at 0* C under a dry nitrogen 
atmosphere was dropwise added a 50% vAr solution of trifluoroacetic 
acid in dichloromethane (3.08 mL, 20 mmol) over a 10 min period 
After stirring for 2 hr. the reaction mixture was quenched at 0* C 
with an aqueous 5% sodium bicarbonate solution to pH = 7-8 The 
layers were separated and the organic layer dried over anhydrous 
magnesium sulfate. After filtration, the solvent was removed by 
rotoevaporation and the residue purified by flash column 
chromatography on siUca gel eluted with 1-10% methanol in 
dichloromethane to yield N-(3,5.dichlorobenzenesulfonyl)KL)-prolyl. 
(L)-tyro8ine, tert-butyl ester as a white foam (1.71 gm. 78% yield) 
MS: m/s 543.4 (M+D*. o-^yieitt;. 

400 MHz »H NMR (CDCl,) 5 1.45 (s. 9H). 1.55-1.63 (m, 3H), 2 07 (m. 
1^, 2.94 (dd. J = 14.1. 6.90 Hz, IH). 3.09-3.16 (m. 2H). 3.37-3.39 (m, 
IH). 4.06^.09 (m. IH). 4.65-4.70 (m. IH). 6.71 (d. J = 8.5 Hz, 2H) 7 01 
(d. J = 8.6 Hz, 2H). 7.06 (d. J = 7.7 Hz, IH). 7.58 (t. J = 1.8 Hz. lii, 7.70 
(d, J = 1.8 Hz. 2H). 

To a solution of N-(3,5-dichlorobenzenesulfonyl).(L)- 
prolyl-a)-tyroaine, tert-butyl ester (100 mg. 0.184 mmole) dissolved in 
dry dimethylformamide (1.0 mL) was added anhydrous potassium 
carbonate (76.3 mg, 0.552 mmol) and iodomethane (52.3 mg 0 736 
mmole). The reaction mixture was stirred vigorously at 25' C 
ovenught under a diy nitrogen atmosphere. Ethyl acetate (30 mL) 
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was added and the solution acidified with aqueous 5% citric add to 
pH = 5. The layers were separated and the aqueous layer was 
extracted with ethyl acetate (3 x 20 mL). Organic layers were 
combined and washed successively with water and saturated salt 
solution, and dried over anhydrous magnesium sulfate. After 
filtration, the solvent was removed by rotoevaporation and the residue 
dissolved in a minimum of dichlorometharie. This solution was 
loaded onto a 1000 micron silica gel Chromatotron plate and purified 
by gradient elution with 10-50% ethyl acetate in hexane to afford N- 

(3.5-dichlorobenzenesulfonylML).prolyl-(L)-0-methyl-tyro8ine,tert- 
butyl ester as an off-white powder (76 mg, 74% yield) 
MS: m/e 557.5 (M+l)*. 

400 MHz >H-NMR (CDCl,) 8 1.44 (s, 9H), 1.66-1.69 (m, 3H), 2 08-2 11 

' ^-^^ ^' ^-^^-'-^^ 2H), 3.36-3.40 (m. 
IH) 3.75 (s. 3H), 4.07-4.09 (m, IH). 4.66 (dd. J = 13.8. 6.4 Hz, IH). 6.78 

d J ' it S' ^' '""^ ' ' ^'^ ^'^^ = "-'^ 



^P^= N-(3 . {T-P^^hlnr^hftn7Pnps^llfonvn■rLw.l^ ]■ (T , V r^T ^^ ^ th T^ 

^ tvrosinft. 

To a solution of N-(3,5-dichlorobenzenesulfonylHL). 
prolyl-a)-0-methyl-tyrosine, tert-butyl ester (50 mg, 0.090 mmole) 
dissolved in dry dichloromethane (0.3 mL) and anisole (5 nL) at O'C 
under a dry nitrogen atmosphere was dropwise added a 50% v/v 
25 solution of trifluoroacetic acid in dichloromethane (276uL 1 8 

mmrfe). After the addition was completed, the ice batii was removed 

and the reaction mixture allowed to stir vigorously for 2 5 hr The ' 
reaction mixture was treated with dichloromethane (20 mL) and 5% 
aqueous sodimn bicarbonate to pH = 5. After separation of phases 
50 the aqueous layer was extracted with dichloromethane (2 x 10 mL) 
The organic layers were combined and successively washed with 
water and saturated salt solution. The solution was dried over 
anhydrous magnesium sulfate and filtered. The solvent was 
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removed by rotoevaporation and the residue dissolved in a minimum 
of dichloromethane. This solution was loaded onto a 1000 micron 
silica gel plate on a Chromatotron eluted with 1-10% methanol in 
dxchloromethane to afford N-(3.5-dichloroben2enesulfonylWL)-prolyl. 
(L>.O.methyl-tyrosine as a Ught brown powder (28.5 mg, 63% yield) 
MS: m/e 501.2 (M+l)*. ^ 

400 MHx »H-NMR (CD30D) 5 1.56-1.65 (m, 2H), 1.74-1.86 (m, IH), 1.86- 
1.88 (m, IH). 3.01 (dd. J = 13.9. 6.4 Hz. IH), 3.16-3.24 (m. 2H). 3.37-3 43 
(m. IH), 3.72 (s. 3H). 4.12 (dd. J = 8.5, 3.4 Hz. IH). 4.45 (br t, J = 5.7 Hz 
IH), 6.79 (d, J = 8.6 Hz, 2H). 7.15 (d. J = 8.6 Hz. 2H). 7.80 (br m, 3H). ' 

The following compounds were prepared by the 
procedures described in Example 299 using the appropriate 
al^lating or acylating agent in Step C: 

Compound Name Mg * 

(300) N-(3,5-dichlorobenzenesulfonylHL)-prolyl-(L)-0- 577.4 
benzyl-tyroaine 

(301) N-(3,5-dichloroben2enesulfonyl).a)-prolyl-(L)-0- 543.5 
n-butyl-tsrrosine 

(302) N.(3,5-dichloroben2BnesulfonylHL)-prolyl.(L)-0- 526.4 
cyanomethyl-tyrosine 

(303) N-(3.5-dichlorobenzene8ulfonyl)-a)-prolyl.(L)-0- 547.4 
(2-metho^ethyl)-tyrosine 

(304) N-(3.5-dichlorobenzenesulfonyl).(L)-prolyl-(L)-0- 659.4 
(2-ethoxyeth3d)-lyrosine 

(305) N-(benzene8ulfonyl)-a)-prolyHL).0<2. 477.0 
methozyethyD-tjrrosine 

(306) N.(benzenesulfonyl)-(L)-prolyl.(L)-0.(2- 491.2 
etho3Qrethyl)-tyro8ine 

(307) N.(3.5-dichlorobenzene8ulfonyl)-(L)-prolyl.a)-0. 584.3 
( l-pyrrolidinylcarbonyl)-^osine 
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(308) N-(benzenesulfonyl)-(L)-prolyl.(L)-0.(l- 5163 
pyrrolidinylcarbonyD-tyrosine 

(309) N^3,5-dichlorobenzeae8ulfonyl).(L)-prolyl-(L)-0. 618 
(tert-butyl acetate)-tyrosme 

(310) N-(3.5-dichlorobenzenesulfonyl)-(L)-prolyI-a)-0- 599 1 
(4-morpholmyl-carbonyl).tyTosine 

(311) N-(3.5-dichlorobenzenesulfonyl)-(L)-prolyHL)-0- 543.3 
(l-(2-propanonyl)-tyroame 

(312) N-(3,5-dichlorobeiizene8ulfonyl).(L).2(S)-methyl- 598 

WW; ^-<3,5-dichlorobeazene8ulfonyl)-(L)-2(S)-in6thyl. 632 1 
prolyl^).0.(tert.butyl acetate)-tyro8me 

(314) N-(3,5.dichlorobenzenesulfonyl).(L)-2(S)-inethyl. 559.3 
pn)lyl-a)-0-(2-ethoxyethyl).tyro8me 

(315) N-(3,5-dichlorobenzeneaulfoayI).(L)-prolyl-(L)-0- 5594 
(acetic acid)-tyrosme, methyl ester 

(316) N-(3,5.dichlorobenzenesuIfonyl).(L)-prolyl-{L)-0- 545.2 
(acetic acid)-t]rrosine 

(317) N-(3,5.dichlopobenzenesuIfonylHL)-2(S)-methyl. 557 3 
prolyl.(L).0-(l-(2.propanonyl).tyrosine 

(318) N-(3.5-dichloroben2ene8ulfonyl).(L)-2(S)-methyl. 612 4 

prolyl-(L).OKl-pyrrolidinylcarbonyl)-tyro8ine. 
methyl ester 

(319) N-(3.5.dichlorobenzene8ulfonyl)^)-2(S)-met}iyl- 6142 

(320) N-(3.5-dichlorobenzenBsuIfonyl).(L)-prolyHL)-0. 580.3 
(2-pyrroiylcarbonyl)-tyrosine 

(321) N.(3.5-dichloroben2ene8ulfonyl)^).2(S).methyl- 6344 

prolyHL)-O-(N-phenyl.N-methylaininocarbonyl)- 
tyrosine 

(322) N.(3,5.dichlorobenzenesulfonyl).(L)-2(S).methyI- 6003 

prolyl-(L)-0-(N.N-diethyl.aminocarbonyl). 
t3n:oaine 



-76- 



wo 98/53814 



PCTAJS98/10940 



(323) N-(3-chlorobenzeneaulfonyl).(L).2(S)-methyI- 580^ 
prolyl-(L)-0-(4-morpholinyl-carbonyl)-tyro8ine 

(324) N-{3,5-dichlorobenzene8ulfonyl)-(L>-2(S)-inethyl- 628.6 

prolyl-{L)-0-(N^-diiaopropyl-aminocarbonyl)- 
^rrosine 

(325) N-(3,5-dichlorobenzenesuIfonylHL)-prolyl-(L)-0- 5913 
(benzoyl)-tyrosine 

(326) N-(3,5-dichloroben2enesulfonyl)-(L)-prolyl.(L)-0- 5833 
(cyclopentanoyl)-tyrosine 

* ra/c: (M + 1 (H*))* or (M + 18 (NH«*))* 
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N-(3 . 5-Pichlnrnbftn7iftnffiii1fQnYl)-a.VprolvWT.-).n.rR.f ; ^^n goivnTnpt.h^i. 

S*»PA: N-(3.5-dich1firQbfiTizenftHnlfor.vn.fT,).pT. pivWT.Vn. 

To a solution of N-(3,5-dichlorobenzenesulfonylML). 
prolyl-(L)-tyro8ine, tert-butyl ester (200 mg, 0.368 mmole, obtained 
from Example 299, Step A) dissolved in 2.0 mL of dry 
dimethylformamide was added bromoacetonitrile (353.1 mg, 2.94 
mmole) and anhydrous potassium carbonate (152.6 mg, 1.10 mmole). 
The reaction mixture was stirred vigorously under a diy nitrogen 
atmosphere at 40*C overnight. The reaction mixture was then 
diluted with ethyl acetate and acidified with 5% aqueous citric acid to 
pH = 5. After separation of the organic layers, the aqueous layer was 
washed with fresh ethyl acetate (3X). The combined organic layers 
were successively washed with water, saturated salt solution, and 
then dried over anhydrous magnesium sulfate. The residue obtained 
after filtaration and removal of solvents was purified on a 1000 micron 
Chromatotron plate by gradient elution using 10-8-5-4-2-1:1 
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HexaneJ:toAc. This afforded 150.4 mg (70% yield) of the title 
compound as an ofif-white powder. 
MS.: (ESI) m/e 582.4 (M+1)* 

•H-NMl 400 MHz (CDO,) J 1.44 (., 9H), 1.56-1.69 (m. 3H), 2.08-2.11 
T'^Tif ' ' " to, IH), 3.21 (dd. J . 

-I'o a 2^; V,^.?' ' = «^ ^- J 

fJ*P N-(3 . 5-nichlornben»:^n«„lf^TlT lUT.^.p.»|y t. gA .^ 
( 5.tetr9golYl)m^.t,hYl-tvmsiTiP t^rt-h^f^l 

n ^ r^"'^ N-(3.5-dichlorobenzenesulfonylHL).prolyl- 

(L^O-^ranomethyLtyrosine. tert-butyl ester (82.0 mg. 0.141 mmol) 
and f tamethyltin azide (101.4 mg, 0.493 mmol) in 6 mL of diy toluene 
was s^ed at reflux for 1 day. Tte reaction mixture was cold to 
room temperature and concentrated in vacuo. The residue was 
treated with 6 mL of dry methanol and 3 g of silica gel and stirred 
vagoroualy overnight at room temperature. This slurry was 
concentrated to give a powder. This was vacuum-dried and then 

^d?o 't'f^'*''"^ ^^"^^ P'^x*-' --e combined 

Mass spectrum (ESI) m/e 630. 1 (M+18)* 

^H.mm 400 MHz (CD,OD) 6 1.41 (s. 9H). 1.61-1.92 (m, 3H) 2 08-2 11 
(m, IH). 2.97-3.01 (distorted m. IH). 3.09 (dd, J = u 0 6 2Hz iS 

ttz. 2H). 7.78-7.80 (distorted m. 3H), 8.15 (d. J = 8.1 Hz. IH). 



Step C: 
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rS-tetragnlvl ^yneth vl-tvm^f 

A mixture of N-(3,5-dichIoroben2enesulfonyl).(L)-prolyl- 
a)-0.(5-tetra2olyl)methyl.tyroaine, tert-butyl ester (30 mg, 0.0489 
mmol) was disaolved in 2 mL of dry methylene chloride aLd was 
cooled in an ice bath. A solution of 1/1 vAr of trifluoroacetic add (55 7 
mg, 0.489 mmol) and methylene was added, which was stirred 
vigorously for three hr ice temperature . A stream of dry nitrogen 
was appUed to remove the solvents and the residue was loaded onto a 
reverse phase prep-plate (RP-18wF^s 0.2 mm 20 x 20 cm. EM 
Science) using a minimal amount of methylene chloride and eluted 
with 40:60 water/acetonitrile. The product band was collected and 
extracted with 10% methanol/methylene chloride, concentrated to 
provide 5.0 mg (18% yield) of the titled compound as a white foam 
material. 

15 Mass spectrum (ESI) m/e 569.3 (M+D*. 

'H-NMR 500 MHz (CD3OD) 6 1.61-1.87 (m, 3H). 2.05 (distorted m IH) 
3.02 (dd. J = 14.0. 8.1 Hz, IH). 3.18 (dd, J = 14.1, 5.2 Hz. 1H).3.23.^.28 ' 
to. IH). 3.39-3.43 (m. IH). 4.22 (t. J = 6.0 Hz. IH). 4.64 (dd. J = 8.0. 5.3 
Hz. IH) 5.41 (s. 2H), 6.99 (distorted d. J = 2.1 Hz, 2H), 7.22 (distorted d. 

20 J = 1.8 Hz, 2H), 7.76-7.78 (m, 3H). 

25 hiatiding 

^ N-t-Butv]mrvrarhnT,vl-a.^.«^ff^ ) .n,^th^l.pT-T r|inn 

2(S).Methyl.proline (4.98 g. 38.55 mmol) was dissolved in 
dioxane (40 mL) and water (40 mL) to give a suspension. Triethyl 
amme (11.4 gm. 46.27 mmol) was added. foUowed by the addition of 2- 
(tert-butoxycarbonyloxyimino).2.phenylacetomtrile (BOCON 5 85 
gm. 57.83 mmol). The reaction mixture was stirred at room 
temperature overnight to give a yeUow solution. The reaction was 
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quenched with water (150 mL) and diethyl ether (225 mL). The 
organic layers were separated and the ether layer extracted with 
water (80 mL). The combined aqueous layers were cooled to O'C and 
treated with 2N hydrochloric add to pH = 2, and then extracted with 
ethyl acetate (3 x 150 mL). The combined organic layers were dried 
with over anhydrous sodium sulfate, filtered and concentrated to 
ri.lo';?^^^ ^^^"^ "^^^^^ compound as a white soUd (mp = 

Mass spectrum (ESI) m/e 230.1 (M+l)* 

^H-NMR 400 MHz (CD3OD) 5 1.41 (s. 9H). 1.49 (s. 3H). 1.85-1.99 (m 
3H). 2.13-2.25 (m, IH). 3.43-3.54 (m. 2H). 

N-t-ButYlmrYrnrbonYl-fT,V?r,S)-m..<:h^i iTl - fp r 

^™i^eofN-t-butyloxycarbonyHL)-2(S)-methyl- 
probne (300 mg. 1.31 mmol) and of (L)-N«.benzyl-histidine, methyl 
ester dihydrochloride (339.28 mg, 1.31 mmol) in dry 
dimethylformamide (5 mL) and methylene chloride (2.5 mL)was 
stirred at room temperature. Diiaopropylethyl amine 
(684.6 ML, 3.93 mmol) was added foUowed by the addition of 

benzotriazole-l-ylMJxy-tris-pyrroUdino-phosphoaphate 
hexafluorophosphosphate (PyBOP. 681.6 mg, 1.31 mmol) and the 

n '"tT'^ treated 
with 2N hydrochloric acid, water, and ethyl acetate. The layers were 
separated and «xe aqueous layer was extracted with ethyl acetate 
(3». The combined organic layers were washed with saturated 
sodium bicarbonate, water, saturated salt solution and dried over 
anhydrous magnesium sulfate. After filtration and removal of 
solvent by rotoevaporation, the residue was purifed by flash 
dux,matography on silica gel and eluted with 10-9-8-7-6-6-4.3.2-11 
Hexane:ethyl acetate and finally with 1-2% methanol/methylene 
chlonde. The fractions containing the desired material were 
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combined and concentrated to yield 367.8 mg (58% yield) of the titled 
compound aa a sticky white foam. 
Mass spectrum (ESI) m/e 471.5 (M+1)*. 

400 MHz (CD,OD) S 1.34 (s, 9H), 1.43 (distorted s. 3H), 1.62-2.05 (m, 
5 4H). 2.98-3.11 (m, 2H), 3.38-3.42 (m. IH), 3.47-3.55 (m, IH), 3.66 (s. 'sH), 
4.66-4.70 (m, IH). 5.16 (distorted s. 2H), 6.95 (s, IH). 7.26-7.38 (m 5H) ' 
7.86(8,lH),8.09(a. IH). * 

Step C: (L)-2(S)-Meth vl-orol V1./T .V]^. 

A mixture of N-t-butylaxycarbonyl-(L).2(S)-methyl-prolyl- 
(D-N-benzyl-histidine. methyl ester (272.5 mg, 0.649 mmol) and 
hydrochloric acid^^/ethyl acetate (14.0 mL, 58.4 mmol) in dry ethyl 
acetate (2 mL) was stirred at room temperature for one hour. 
15 Methylene chloride was added and solvents were removed by 
rotoevaporation. The residue was dried under high vacuum 
overnight and gave 235.1 mg (97.6% yield) of the titled compound. 
Mass spectrum (CI) m/e 371.3 (M+1)*. 

»H-NMR 400 MHz (CD,OD) 8 1.43 (s. 3H). 1.87-1.93 (m. IH). 2.01-2.13 
20 (m. 2H). 2.32-2.87 (m. IH), 3.14-3.21 (m. IH), 3.29-3.38 (m. 4H), 3.71 (s, 
3H). 4.77 (dd. J = 10.1. 5.3 Hz. IH), 5.39 (s. 2H). 7.40-7.43 (m, 5H). 9.05 ' 
(distorted s, IH). 
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^P^= N-(3.5-nirhlorohAn»iaTtp ff1 ^1fQnvn.fTA-p,( S>.Tnprt,^). 
lin)lvl-(T.)-N'-bftn7r..l,>^^fft^dinft m^ihy] ftnt ff T , 

(L).2(S)-methyl-prolyHL).N-benzyl.histidine, methyl 
ester, dihydrochloride (191.3 mg, 0.516 mmol waa dissolved in dry 
tetrahydroforan (5 mL) and dry dimethylfonnamide (2 5 mL) 
Diisopropylethyl amine (269.8 jiL, 1.55 mmol) and 4, 4'- 
dimethylaminopyridine were added to this solution.' After cooling to 
5 C for 5 minutes, a solution of 3,5-dichlorobenzene8ulfonyl chloride 
(190.2 mg, 0.774 mmol) in dry tetrahydrofuran (2.5 mL) was added to 
the reaction mixture which was allowed to reach room temperature 
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overnight. This reaction mixture was treated with water and ethyl 
acetate. The aqueoiis layer was eictracted with ethyl acetate (3X). The 
organic layers were combined and successively washed with water 
and saturated salt solution and dried with anhydrous magnesium 
5 sulfiate. After filtration, the solvents were removed by 

rotoevaporation. The residue was punfed on a 4.0 x 7.0 cm cartridge 
of Flash-40 silica gel and eluted 1-2-3-4-5% methanol/methylene 
chloride to yield 116.6 mg (39% yield) of the titled compound. 
Mass spectrum (CI) m/e 579.1 (M+1)*. 
10 ^H-NMR 400 MHz (CDCI3) 5 1.67 (s, 3H), 1.72-1.86 (m, 2H), 1.91-1.98 
(m, IH), 2.30-2.35 (m, IH), 3.12 (dd, J = 15.0, 4.76 Hz, IH), 3.18 (dd, J = 
14.6, 6.02 Hz, IH), 3.33-3.39 (m, IH), 3.66 (s, 3H), 4.77 (dd, J = 6.11, 1.27 
Hz, IH), 5.04 (s, 2H), 6.76 (s, IH), 7.12-7.15 (m, 2H), 7.29-7.36 (m, 3H), 
7.72 (distorted d, J = 1.99 Hz, 2H), 7.99 (distorted s, 2H). 

15 

StepE: N-(3.5-Dichlorobenzene3 ulfQnvlVa.V2(S)-methvl. 

prolvl-(U-]S'-bengY]-hifftridinf^. 

A mixture of N-(3,5-<iichlorobenzenesulfonyl)-(L)-2(S)- 
methyl-prolyl-(L)-N-benzyl-histidine, methyl ester (115.5 mg, 0.199 

20 mmol) in 0,2N sodiiun hydroxide in ethanol (1.2 mL) was stirred at 
room temperature for 4 hours. The reaction mixture was treated 
with ethyl acetate and 5% citric add to pH = 3-4. The aqueous layer 
was extracted with ethyl acetate (3X). The combined organic layers 
were washed with saturated salt solution and dried over anhydrous 

25 magnesium sulfate. The solution was filtered and the sovlents were 
removed removed by rotoevaporation. The residue was piirified on a 
4.0 X 7,0 cm cartridge of Flash-40 silica gel eluted with 15% 
methanol/methylene chloride to yield 51.2 mg (45.5% yield) of the 
titled compound as a light brown foam. 

30 Mass spectrum (ESI) m/e 565.4 (M+1)*. 

^H-NMR 400 MHz (CDCD^) 5 1.28 (s, 3H), 1.75-1.84 (m. 3H), 2.10-2.14 
(m, IH), 3.06-3.12 (m, IH), 3.24-3.29 (m, 2H), 3.31-3.42 (m, 2H), 4.46- 
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3H), 8.34 (broad s, IH). 

EXA\fPT ,F ; 

N-g.n.en.mi1fOTlYl-(T,)-nrolvl-9..n,inr..9.n».K.^ , ^ -.^^^^^_,. 

(2 4 mL n ""^/"^^^^"l ^* 0 "C was added thionyl chloride 

(2.4 mL. 32 mmol). After stirring at 0 »C for 6 min. 2-amino.2- 
norbomanecarbo^cylic acid (1.0 g, 6.4 mmol) was added in one 
portion, and the mixture waa heated at reflux for 16 h. The mixture 
was concentrated to give the product (1.2 g, 92%) as a white aoUd. 

N-genzene.siilfonvi.fT.'..r.Tr]Tl-? n-niTin 

To a solution of 2-amino-2-norbomanecarboxylate, 
methyl ester hydrochloride (400 mg. 2.0 mmol). N-benzenesulfonyl- 
(L).prohne (510 mg. 2.0 mmol). l-(3-dimethylaminopropyl)-3- 
ethylcarbodiimide hydrochloride (306 mg, 2.0 mmol) 1 
hy^xbenzotria^le (202 mg. 2.0 mmol) in 4 mL of t;trahydrofuxan at 
0 C was added N-methyl morpholine (0.22 mL, 2.0 mmol) After 15 
nun at 0 -C. the reaction mixture was stirred at room temperature 
for 16 h^ and was concentrated in vacuo. The residue was purified by 
flash column chromatography on silica gel eluted with 101 
m^ylene chloride/ethyl acetate to give the title compound (478 mg 
59%) as a mixture of diastereomers. 

J^: cdculated for C20H26N2O5S 406; found m/e 417 (M-.HH 423 



30 (M+NH«*). 



^- Mr Bgnzene.snlfonvl.rT.^.p^|yi,;> ^^^^^ » 
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A solution of N.phenyls\iIfonyl-(L)-prolyl.2-amino-2- 
norbomanecarboxylic acid, methyl ester (210 mg. 0.2 mmol) in 3 mL 
of 1:1 aqueous sodium hydroxide (1 M) and methanol was stirred at 
room temperature for 2 weeks. The reaction was quenched with 
5 concentrated hydrochloric acid (0.2 mL), and the resulting mixture 
was partitioned between saturated salt solution and ethyl acetate. 
The product was extracted with ethyl acetate and was purified by 
flash chromatography on silica gel eluted with 100:5:1 methylene 
chloride/methanol/acetic acid to give the product as a mixture of 
10 diastereomers. 

MS: calculated for C19H24N205S, 392; found m/e 393 (M+H*) 410 
(M+NH/) 



15 



EXAMPT.-R .<t.?n 

N-Benzenesulfonvl-fT.>-Droivi.3m'>- m etlivi-p>iopviaianiT, o 

Step A: N-Benzenesulfonvl-fT.->-p roivi..qrRVT^ ^thYl- 
phenvIalaninR. mRt hvl estar. 

The title compound was prepared by the procedure 
described in Example 289 Steps A - C starting fi-om (L)-3(R)-methyl- 
phenylalanine (prepared by the procedure of Hruby and coworkers: 
Tetrahedron, 1992 ^ 4733). 

StepB: N-BenzRnftsii1fnT>vl-fT.->.p^^i vi.3fR'>.n,o^h y|. 
DhenvlalaniT^^, 

A solution of N-phenylsulfonyl-(L)-prolyl-(L)-3(R)- 
methyl-phenylalanine, methyl eater (23 mg, 0.053 mmol) in 1.0 mL of 
1:1 tetrahydrofiiran/water at 0 °C was added lithium hydroxide 
hydrate (12 mg, 0.033 mmol) and hydrogen peroxide (30%, 33 mL, 
0.033 mmol). The reaction was allowed to warm up to 18 over 2 hr. 
The reaction was quenched with dilute sodium thioaulfate and 1 M 
hydrochloric add. and the resulting mixture was partitioned between 
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Baturated salt aolution and ethyl acetate. The product was extracted 
with ethyl acetate and purified by flash column chromatography on 
silica gel eluted with 50:50:1 ethyl acetate/hexane/acetic add to 20:1 
ethyl acetate/acetic add to give the product (17 mg, 77%). 
MS: calculated for C21H24N205S, 416; found m/e 417 (M+H*) 434 
(M+NH/) ' 

^H-NMR (500 Mhz. CD3OD) 6 8.2-7.2 (lOH, in). 4.65 (IH. d), 4 23 (IH 
dd), 3.48-3.36 (2H. m). 3.23 (IH. m), 2.0-1.2 (4H, m). 1.38 (3H, d) 

EXAMPT.B! .qai 

PhenYlffulfnnYl-(L)-proivi-(r>V2 3.TT,Ptt, rh ^ nvi^i.^^^ ^ 

^'^P ^- N-Phenvl.snlfonvl-fT.VnrnWi.rT, >.2.q.^^fi,^n r 

methano-nhenvl»l«n,T^«. mPthvl g^t f r 

The title compounds were prepared by the procedure 
described in Example 289, Steps A-C starting from E-2,3- 
methanophenylalanine. methyl eater hydrochloride (prepared by the 
procedure of Stammers and coworkers: J. Org. Chem., 1982 47 
3270). Under the described conditions, reaction of diazomethane' with 
Z-2-phenyl.4-benzylidene-5.oxazolinone (Aldrich) gave a 4:1 mixture 
of Z-l,5-diphenyl.6-oxa-4.azaspiro(2,4)hept-t.ene.7.one and E-1 5- 
diphenyl-6-oxa-4.a2aspiro(2.4)hept-4-ene-7-one, and the minor' 
diastereomer was carried on to E-2.3-methanophenylalanine methyl 
ester hydrogen diloride salt as described. Subsequent peptide 
coupling (51 mg scale) afforded a 1:1 mixture of diastereomers, which 
were partially separated on silica gel eluting with 4:4:1 methylene 
chloride/hexane/ethyl acetate. 

Top isomer: ^H-NMR (500 Mhz. CD30D) 5 8.0-7.1 (10 H. m) 4 18 (IH 

nu o '-'^ ^-^'-^ ^^H, m). 2.96 (1 H. dd).'2.18 ' 

(IH. dd). 2.1-1.8 (3H. m). 1.7-1.6 (IH, m), 1.58 (IH, dd) 
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Bottom isomen >H-NMR (500 Mhz, CD30D) 5 8.0-7.2 (10 H, m). 4 24 ( 
IH. dd). 3.66 (1 H. ddd). 3.30 (3 H. S), 3.26 (IH. ddd). 2.88 (IH, dd) 2 22 
(IH, dd), 2.1-1.8 (3H. m), 1.66-1.60 (IH. m), 1.53 (IH, dd) 

N-Ph«nYl8iilfnnv1.fT.Uprn^Y|-( LV2.<^-Tn^f|i p^^- 

phenvlalflniTip nnd N-phenvlfliilfnnvi.rT.-).p^,^;Yl -m^-^ .^.rT^f^i ^PTi- 

To a solution of the top isomer of N-phenylsulfonyl-(L)- 
prolyl-2,3-methanophenylalanine, methyl ester (15 mg, 0.035 mmol) 
m 0.6 mL of 1:1 tetrahydrofiiran/water was added lithium hydroxide 
hydrate (15 mg. 0.35 mmol). and the mixture was stirred at room 
temperature for 15 hr. The reaction was quenched with concentrated 
hydrochloric acid (0.2 mL). and the resulting mixture was 
partitioned between brine and ethyl acetate. The product was 
15 extracted with ethyl acetate and was purified by flash 

chromatography on siUca gel eluted with 100:5:1 methylene 
chloride/methanol/acetic acid to give the product in quantitative yield 
MS: calculated for C21H22N205S. 414; found m/e 415.3 (M+H*) 432 3 
(M+NH^*) ' 

20 >H-NMR (500 Mhz, CD30D) S 8.0-7.0 (10 H. m), 4.10 (IH. dd), 3.60 (IH 
ddd). 3.27 (IH, ddd). 2.84 (1 H, dd), 2.18 (IH. dd). 2.1-1.8 (3H m) 1 66-' 
1.56 (IH, m), 1.57 (IH, dd). ' ' 

The bottom isomer was hydrolyzed in the same fashion 
25 as described for the top isomer: 

MS: calculated for C21H22N205S. 414; found m/e 415.2 (M+H*) 432 2 
(M+ NH/) ' 

'H-NMR (500 Mhz. CD30D) 5 8.0-7.1 (lOH. m). 4.06 ( IH. dd). 3.66 (1 
H. ddd). 3.27 (IH. ddd). 2.86 (1 H, dd). 2.19 (IH. dd). 2.1-1 8 (3H m) 
30 1.68-1.58 (lH.m), 1.52 (lH.dd). 

EXAMPT.W a^o 
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((lH . 3H)-1.8-dimethvlpvrimidin«-;^ ,4^dione>VphenvlnlflTiinft 

Step A: N-f3-FluorohenzenPs,i1fnn vlUT.Vp.-^| Yl- (T ,>H- 
trimethvlatannvlphBTivlalanine. taT-t-h utvl flate,. . 

A solution of N-(3-fluorobenzenesulfonylHL)-prolyl-(L)-4- 
iodophenylalanine, tert-butyl ester (1.0 gm. 1.53 mmol), 
hexamethylditin (411 pL, 2.14 mmol). triphenylphosphiiie (8 mg, 0.03 
mmol), lithium chloride (71 mg, 1.68 mmol), and 
tetralris(triphenylphosphine)palladium(0) (88 mg, 0.077 mmol) in 1 4- 
dioxane (10 mL) was heated to 95-C under a dry nitrogen atmosphere 
for 1.5 hr. The solution was cooled and diluted with ethyl acetate (100 
mL) and successively washed with IN sodium hydroxide solution 
(2X) and saturated salt solution (IX). After diying over anhydrous 
15 magnesium sulfate, the solution was filtered and the solvent removed 
by rotoevaporation. The residue was purified by silica gel column 
chromatography eluted with 10% acetone in hexanes to yield N-(3- 
fluoroben2enesulfonylHL)-prolyl-(L)-4- 

(trimethylstannyl)phenylalanine, tert-butyl ester (577 mg, 54% yield) 
20 MS: m/e 658 (M + 18; NH^*). 

N-(3,5.Dichlorobenzenesulfonyl).(L)-2(S)-methyl-prolyl. 
(L)-4.trimethylstannylphenylalanine, tert-butyl ester was prepared 

fromN-(3,5.dichlorobenzenesulfonyl)-(L)-2(S)-methyl.prolyl-a)-4- 
25 iodophenylalanine, tert-butyl ester by an analogous procedure. 

^*®P^= N-f3 . 5-D^r,MoTpbenzenftBiilfonvlWTX!?rs^ . mftthvi.p m^Yl- 
texUzutzLeatex 

30 A solution of N.(3,5-dichlorobenzeneaulfonyl)-(L)-2(S)- 

methyl-prolyl-(L)-4-trimethylatannylphenylalanine, tert-butyl ester 
(70 mg, 0.1 mmol), (lH.3H)-l,3-dimethyl-5-iodo-pyrimidine-2,4-dione 
(40 mg, 0.15 mmol) and tetrakis-triphenylphosphine palladium (4 

-87- 



wo 9S/538I4 



PCT/US98/10940 



10 



15 



mg, 0.003 mmol) in dry dimethylfonnamide (1 mL) was heated in an 
oil bath at lOOo C for 1 hr under a diy nitrogen atmosphere. After 
cooling, the solvent was removed by rotoevaporation under high 
vacuum. The residue was purified by flash column chromatography 
on silica gel eluted with 15% acetone in hexanes to give the title 
compound as a light yellow sohd (27 mg, 40% yield). 
MS: (m/e) 696 (M + 18 (NH/)). 

^^P^* N-(3 . 5-Pfrh1oroben2ene.sn1fonvlWT.^9(S)- T ^ethvl.y.rnW|- 

The tert-butyl ester of N-(3,5-dichlorobenzenesulfonyl)- 

(L)-2(S)-methyl.prolyl.(LM-(5-((lH.3H)-1.3^ethylpyrimidine.2,4- 
dione))-phenylalanine. tert butyl ester (24 mg, 0.035 mmol) was ' 
stirred in a solution of trifluoroacetic acid (170 jiL, 2.2 mmol) in 
methylene chloride (1.0 mL) according to the procedure described in 
Example 225. Step E to yield the title compound. 
MS: (m/e) 640 (M + 18 (NH/)). 



20 



25 



30 



Inhibit i on of VLA-4 P^n^^ndPnt AHbp.i»» B SA-r.c;.i nr.J^ ^yJ,^.^ 

step A. Preparation of CS-1 nn«»^^ pi^i^., 

Untreated 96 well polystyrene flat bottom plates were coated 
with bovine serum albumin (BSA; 20 ng/ml) for 2 hours at room 
temperature and washed twice with phosphate buffered saline (PBS) 
The albumin coating was next derivatized with 10 jig/ml 3-(2- 
pyridyldithio) propionic acid N-hydroxysucdnimide ester (SPDP) a 
heterobifiinctional crosslinker. for 30 minutes at room temperat4-e and 
washed twice with PBS. The CS-1 peptide (Cys-Leu-His-Gly-Pro-Glu-fle- 
Leu-Asp-Val-Pro-Ser-Thr). which was synthesized by conventional soUd 
phase chemistry and purified by reverse phase HPLC, was next added to 
the deravatized BSA at a concentration of 2.5 ng^l and allowed to react 
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for 2 hours at room temperature. The plates were washed twice with 
PBS and stored at 4''C. 

Step B. Preparation nf Fluoreacentlv T.ahAl»^ j^ y kat CpIIs 

Jurkat ceUs, clone E6-1. obtained from the American T^e 
Culture Collection (Rockville, MD; cat # ATCC TIB.152) were grown and 
maintained in RPMI-1640 culture mediuii containing 10% fetal calf 
serum (FCS). 50 units/ml penicillin. 50 ng/ml streptomycin and 2 mM 
glutamine. Fluorescence activated cell sorter analysis with specific 
monoclonal antibodies confirmed that the cells expressed both the a4 
and Pl chains of VLA-4. The cells were centrifuged at 400xg for five 
minutes and washed twice with PBS. The ceUs were incubated at a 
concentration of 2 x 10® cells/ml in PBS containing a 1 jiM concentration 
of a fluorogenic esterase substrate (2'. 7'-bis-(2-carboxyethyl)-5-(and -6)- 
15 carboxyfluorescein, acetoxymethyl ester; BCECF-AM; Molecular Ptobes 
Inc., Eugene, Oregon; catalog #B-1150) for 30-60 minutes at ST'C in a 5% 
C02/air mcubator. The fluorescently labeled Jurkat cells were washed 
two times in PBS and resuspended in RPMI containing 0.25% BSA at a 
final concentration of 2.0 x 10® cells/ml. 

20 

StepC. Assay Prni.«.«^,iT-ft 

Compounds of this invention were prepared in DMSO at 
lOOx the desired final assay concentration. Final concentrations were 
selected fi^m a range between 0,001 nM-lOO jiM. Three fiL of diluted 

25 compound, or vehicle alone, were premixed with 300 jiL of ceU 

suspension in 96-weU polystyrene plates with round bottom wells. 100 jiL 
aUquots of the cell /compound mixture were then transferred in 
dupUcate to CS-1 coated wells. The ceUs were next incubated for 30 
minutes at room temperature. The non-adherent cells were removed by 

30 two gentle washings with PBS. The remaining adherent ceUs were 
quantitated by reading the plates on a Cytofluor U fluorescence plate 
reader (Perseptive Biosystems Inc., Framingham, MA; excitation and 
emission filter settings were 485 nm and 530 nm, respectively). Control 
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weUs containing vehicle alone were used to determine the level of ceU 
adhesion corresponding to 0% inhibition. Control wells coated with BSA 
and croaslinker (no CS-1 peptide) were used to determine the level of cell 
adhesion corresponding to 100% inhibition. CeU adhesion to wells coated 
with BSA and crosslinker was usually less than 5% of that observed to 
CS-1 coated wells in the presence of vehicle. Percent inhibition was then 
calculated for each test weU and the IC,, was determined from a ten 
pomt titration using a validated four parameter fit algorithm 



10 



A^taF9m>Tn of V T A 1 Dnmndfint, Pindinrr tn Vr.AM.i^ 

step A. PrRnar».tinn of VCAM.Ty 

. ^'^^ ^^^^^^ ^ "^^^^ ^ domains 1 and 2 of human 

VCAM-CGenBank Accession no. M30257) were amplified by PGR using 
the human VCAM cDNA (R&D Systems) as template and the following 
pnmer sequences: 3'-PCR primer:5'-AATTATAATTTGATCAACTTAC 
CTGTCAATTCTTTTACAGCCTGCC-3'; 
20 5'-PCR primer: 

5'-ATAGGAATTCCAGCTGCCACCATGCCTGGGAAGATGGTCG-3'. 

r « ^ ^'^^'^ contained EcoRI and PvuH restriction 

sites followed by a Kozak consensus sequence (CCACC) proximal to the 
mitiator methionine ATG. The 3'-PCR primer contained a BcU site and 
25 a sphce donor sequence. PGR was performed for 30 cycles using the 
following parameters: 1 min. at 94°C, 2 min. at 55°C, and 2 min. at 

v^a;.?^ ^Plified region encoded the following sequence of human 
VCAM-1: 

MPGKMWILGASNILWIMFAASQAFKIETTPESRYLAQIGDSVSLTC 

BO sitgcespptswrtqidsplngkvinegitstltmiS^Sh^^ 

TATCESRKLEKGIQVEIYSFPKDPEIHLSGPLEAGKPITVKCSVADVy 
PFT)RI^IDmCGDHI^QEFLEDADRKSI^LEVTFIPVIEDI^^ 
LVCRAKLHIDEMDSVPTVRQAVKEL. Tte r.sulti.7^^^T 
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650 bp was digested with EcoRI and Bdl and ligated to expression vector 
pig-Tail (R&D Systems, Minneapolis, MN) digested with EcoRI and 
BamHI. The pig-Tail vector contains the genomic fragment which 
encodes the hinge region, CH2 and CH3 of hvunan IgGl (GenBank 
5 Accession no. Z17370). The DNA sequence of the resulting VCAM 
fragment was verified using Sequenase (US Biochemical, Cleveland, 
OH). The fragment encoding the entire VCAM-Ig fusion was 
subsequently excised from pig-Tail with EcoRI and NotI and ligated to 
pCI-neo (Promega, Madison, WI) digested with EcoRI and Notl. The 
10 resulting vector, designated pCI-neoATCAM-Ig was transfected into 
CHO-Kl (ATCC CCL 61) cells using calcium-phosphate DNA 
precipitation (Specialty Media, Lavalette, NJ). Stable VCAM-Ig 
producing clones were selected according to standard protocols using 
0.2-0.8 mg/ml active G418 (Gibco, Grand Island, NY), expanded, and cell 
15 supematants were screened for their ability to mediate Jurkat adhesion 
to weUs previously coated with 1.5 ng^ (total protein) goat anti-human 
IgG (Sigma, St. Louis, MO). A positive CHO-KWCAM-Ig clone was 
subsequently adapted to CHO-SFM serum-free media (Gibco) and 
maintained under selection for stable expression of VCAM-Ig. VCAM- 
20 Ig was purified from crude culture supematants by affinity 

chromatography on Protein A/G Sepharose (Pierce, Rockford, IL) 
according to the manufacturer's instructions and desalted into 50 mM 
sodium phosphate buffer, pH 7.6, by ultrafiltration on a YM-30 
membrane (Amicon, Beverly, MA). 



25 



30 



StepB. PrftnaratioT^ of ^T.Vn/^fT-yp, 

VCAM-^ was labeled to a specific radioactivity greater that 
1000 CiWole with I-Bolton Hunter reagent (New England Nuclear 
Boston, MA; cat # NEX120-0142) according to the manufacturer's 
instructions.The labeled protein was separated from unincorporated 
isotope by means of a calibrated HPLC gel filtration column (G2000SW; 
7.5 X 600 mm; Tosoh, Japan) using uv and radiometric detection. 
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Step C. VCAM.Ty Bi ndiny Aa^ ny, 

Compounds of this invention were prepared in DMSO at 
lOOx the desired final assay concentration. Pinal concentrations were 
selected fi-om a range between 0.001 nM-100 jiM. Jurkat cells were 
5 centrifiiged at 400xg for five minutes and resuspended in binding buffer 
(25 mM HEPES, 150 mM NaCl, 3 mM KCl, 2 mM glucose, 0.1% bovine 
serum albumin, pH 7.4). The ceUs were centrifiiged again and 
resuspended in binding buffer supplemented with MnCl^ at a final 
concentration of 1 mM. Compounds were assayed in MilUpore MHVB 
10 multiscreen plates (cat# MHVBN4550, Millipore Corp., MA) by making 
the following additions to dupUcate wells: (i) 200 nL of binding buffer 
containing 1 mM MnCl,; (u) 20 of ^^^I-VCAM-Ig in binding buffer 
containing 1 mM MnCl^ (final assay concentration - 100 pM); (iii) 2.5 ^iL 
of compound solution or DMSO; (iv) and 0.5 x 10^ cells in a volume of 30 
15 jjJL. The plates were incubated at room temperature for 30 minutes, 
filtered on a vacuum box, and washed on the same apparatus by the 
addition of 100 jtL of binding buffer containing 1 mM MnCla- After 
insertion of the multiscreen plates into adapter plates (Packard, 
Meriden, CT, cat# 6005178), 100 fiL of Microscint-20 (Packard cat* 
20 6013621) was added to each weU. The plates were then sealed, placed on 
a shaker for 30 seconds, and counted on a Topcount microplate 
scintillation counter (Packard). Control wells containing DMSO alone 
were used to determine the level of VCAM-Ig binding corresponding to 
0% inhibition. Contol weUs in which cells were omitted were used to 
determine the level of binding corresponding to 100% inhibition. Binding 
of I-VCAM-Ig in the absence of cells was usually less than 5% of that 
observed using ceUs in the presence of vehicle. Percent inhibition was 
then calculated for each test well and the IC,o was determined from a 
ten point titration using a validated four parameter fit algorithm. 

EXAMPLE 3.q.S 



25 
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Step A. o^i^CfilUinfi. 

RPMI-8866 ceUs (a human B ceU line a/3,-p/; a gift from 
Prof. John Wilkin8, University of Manitoba, Canada) were grown in 
RPMI/10% fetal calf serum/ 100 U penicillin/100 jig streptomycin/2 mM 
L-glutamine at 37«C. 5 % carbon dioxide. The cells were pelleted at 1000 
rpm for 5 minutes and then washed twice and resuspended in binding 
buffer (25 mM Hopes. 150 mM NaCl , 0.1 % BSA, 3 mM KCl. 2 mM 
Glucose, pH 7.4). 



Step B. VCAM-Ip Rinding A..,^^^ 

Compounds of this invention were prepared in DMSO at 
lOOx the desired final assay concentration. Final concentrations were 
selected from a range between 0.001 nM-100 ^M. Compounds were 
15 assayed in MilUpore MHVB multiscreen plates (Cat# MHVBN4550) by 
making the following sequential additions to duphcate weUs: (i) 100 
iiiMeU. of binding buffer containing 1.5 mM MnCl,; (ii) 10 jtlA^ell 
VCAM-Ig in binding buffer (final assay concentration < 500 pM); (iii) 1 5 
filMeU test compound or DMSO alone; (iv) 38 nlMell RPMI-8866 cell 

20 suspension (1.25 x 10« ceUsA«reU). The plates were incubated at room 
temperature for 45 minutes on a plate shaker at 200 rpm, filtered on a 
vacuum box, and washed on the same apparatus by the addition of 100 
HL of binding buffer containing 1 mM MnCL,. After insertion of the 
multiscreen plates into adapter plates (Packard, Meriden, CJT cat# 

25 6005178). 100 nL of Microacint.20 (Packard cat# 6013621) was added to 
each well. The plates were then sealed, placed on a shaker for 30 
seconds, and counted on a Topcount microplate scintillation counter 
(Packard). Control wells containing DMSO alone were used to 
determine the level of VCAM-Ig binding corresponding to 0% inhibition 

30 Wells in which cells were omitted were used to determine the level of 
binding corresponding to 100% inhibition. Percent inhibition was then 
calculated for each test weU and the IC„ was determined from a ten 
point titration using a validated four parameter fit algorithm. 
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WHAT IS CLAIMED IS: 



1. A method for the treatment of diseases, disorders, 
conditions or symptoma mediated by ceU adhesion in a mammal which 
5 comprises administering to said mammal an effective amovmt of a 
compound Formula I: 



10 



20 



R7 

q6^ B- -Z r3 

P,1-^Y O R^R 
I 



or a pharmaceutically acceptable salt thereof wherein: 



is 1) Ci-iOalkyl, 

2) C2-I0alkenyl, 
15 3) C2-10alkynyl, 

4) Cy. 

5) Cy-Ci-ioalkyl, 

6) Cy-C2-10allcenyl, 

7) Cy-C2.10alkynyl, 
wherein alkyl, alkenyl, and alkynyl are optionally substituted with one to 
four substituents independently selected from Ra; and Cy is optionally 
substituted with one to four substituents independently selected from R1>; 

R2 is 1) hydrogen, 
25 2) Ci.ioalkyl, 

3^ C2-ioalkenyl, 
C2-ioalkynyl, 

5) aryl, 

6) aryl-Ci,ioalkyl, 
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7) heteroaryl, 

8) heteroaryi-Ci.ioalkyl, 

wherein alkyl, alkenyl, and alkynyl are optionally substituted with one to 
four substituents independently selected from Ra; and aryl and 
5 heteroaryl optionaUy substituted with one to foxa- substituents 
independently selected from R*>; 

« 

is 1) hydrogen, 

2) Ci-io alkyl, 
10 3) Cy, or 

4) Cy-Ci-io alkyl, 
wherein alkyl is optionally substituted with one to four substituents 
independentiy selected from Ra; and Cy is optionally substitiited with 
one to four substituents independentiy selected from Rb- 
15 ' 
R^ is 1) hydrogen, 

2) Cl-ioalkyl, 
3 C2.10alkenyl, 
4) C2-I0alkynyl, 
20 5) Cy, 

6) Cy-Ci.ioalkyl, 

7) Cy.C2-10alkenyl, 

8) Cy-C2-10alIqmyl, 

wherein alkyl, alkenyl and alkynyl are optionally substituted with one to 
25 four substitiients selected from phenyl and Rx, and Cy is optionally 

substituted with one to four substituents independently selected frxim RX; 
or 

R3, R4 and the atoms to which tiiey are attached together form a mono- 
or bicycHc ring containing 0-2 additional heteroatoms selected from N O 
30 andS; 

is 1) hydrogen, 

2) Ci.ioalkyl, 
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3) C2-ioalkenyl, 
C2-ioalkynyl, 

5) aryl, 

6) aryl-Ci.ioalkyl, 
S 7) heteroaryl, 

8) heteroaryl.Ci.ioaJkyl, 
wherein alkyl, alkenyl and alkynyl are optionally substituted with one to 
four substituents selected from Rx, and aiyl and heteroaryl are 
optionally substituted with one to four substituents independently 
10 selected from Ry; or 

R4, R5 and the carbon to which they are attached form a 3-7 membered 
mono- or bicyclic ring containing 0-2 heteroatoma selected from N, O and 

S; 

15 

R6. R7, and R8 are each independently selected from the group 
consisting of 

1) a group selected from Rd, and 

2) a group selected fix>m Rx; or 

20 two of R6. R7, and R8 and the atom to which both are attached, or two of 
R6. R7, and R8 and the two adjacent atoms to which they are attached 
together form a 5-7 membered saturated or unsaturated monocycUc ring 
containing zero to three heteroatoma selected from N, O or S, 

25 Rais 1) cy, or 

2) a group selected from Rx; 
wherein Cy is optionally subsituted with one to four substituents 
independently selected from RC; 

30 Rb is 1) a group selected from Ra, 

2) Cl-io alkyl, 

3) C2-10 alkenyl, 

4) C2-10 alkynyl. 
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10 



15 



25 



5) aryl Ci-iQalkyl, 

6) heteroaryl Ci-io ali^I, 

wherein alkyl, alkenyl, alkynyl, aiyl, heteroaiyl are optionally 
substituted with a group independently selected from RC; 



Rc is 



1) 


halogen, 


2) 


N02, 


3) 


C(0)ORf, 


4) 


Ci^alkyl, 


5) 


Ci-4alkoxy, 


6) 


aryl, 


7) 


aryl Ci^allQrl, 


8) 


aryloxy, 


9) 


heteroaryl. 


10) 


NRfRg, 


11) 


NRfC{0)Rg, 


12 


NRfC(0)NR£Rg, or 


13) 


CN; 



20 Rd and Re are independently selected from hydrogen, Ci.ioalkyl. C2 10 
alkenyl. C2.10alkynyi: Cy and Cy Ci.ioalkyl. wherein alkyl, alkenyl. 
alkynyl and Cy is optionally substituted with one to four substituenti 
independently selected from RC; or 

Rd and Re together with the atoms to which they are attached form a 
heterocycUc ring of 5 to 7 members containing 0-2 additional 
heteroatoms independently selected from oxygen, sulfur and nitrogen; 

Rf and R« are independently selected from hydrogen, Ci.ioalkyl, Cy and 
Cy-Ci.ioalkyl wherein Cy is optionally substituted with Ci.ioalkyl; or 
30 Rf and Rg together with the carbon to which they are attached fom a 
nng of 5 to 7 members containing 0-2 heteroatoms independently 
selected from oxygen, sulfur and nitrogen; 
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IS 



10 



15 



20 



25 



30 



1) 


hydrogen, 


2) 


Cl-ioalkyl, 


3) 


C2-10alkenyl, 


4) 


C2.10allQaiyl, 


5) 


cyano, 


6) 


aryl, 


7) 


aryl Ci-ioalkyl, 


8) 


heteroaryl. 


9) 


heteroaryl Ci-iQalkyl, 


10) 


-S02R»; 



wherein alkyl, alkenyl, and alkynyl are optionaUy substituted with one to 
four substituents independently selected from Ra; and aryl and 
heteroaryl are each optionally substituted with one to four substituents 
independently selected from Rb; 

1) Ci-ioalkyl, 

2) C2-10alkenyl, 

3) C2-10alkynyl, or 

4) aryl; 

wherein alkyl, alkenyl, alkynyl and aiyl are each optionally substituted 
with one to four substituents independently selected from RC; 



R^tia 1) 


-ORd 


2) 


-N02. 


3) 


halogen 


4) 


•SiOhaRd 


5) 


-SRd 


6) 


-S(0)20Rd, 


7) 


-S(0)mNRdRe, 


8) 


-NRdRe^ 


9) 


-0(CRfRg)nNRdRe^ 


10) 


-C(0)Rd^ 


11) 


-C02Rd, 
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12) -C02(CR*Rg)nC0NRdRe, 

13) -OC(0)Rd, 

14) -CN, 

15) -C(0)NRdRe, 

5 16) -NR<iC{0)Re, 

17) -OC(0)NRdRe, 

18) -NRdC(0)ORe, 

19) -NR<iC(0)NRdRe, 

20) -CRd(N-ORe), 
10 21) -CF3. 

22) oxo, 

23) NRdC(0)NR<i S02Ri, 

24) NRdS(0)mRe, 

25) -0S(0)20Rd or 
15 26) -0P(0)(0Rd)2; 



Ryis 



20 



1) 


a group selected from Rx, 


2) 


Cl-lO aliyl. 


3) 


C2-10 alkenyl. 


4) 


02-10 allqaiyl, 


5) 


aryl Ci-iQalkyl, 


6) 


heteroaryl Ci-io alkyl, 


7) 


cycloalkyl, 


8) 


heterocyclyl; 



25 wherein alkyl, alkenyl, alkynyl and aryl are each optionally substituted 
with one to four substituents independently selected from RX; 

Cy is cycloalkyl, heterocyclyl, aryl, or heteroaiyl; 

30 m is an integer from 1 to 2; 

n is an integer from 1 to 10; 
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X is 



10 



Y is 



A/ 








3) 


-P(0)(RdX0Re) 


4) 


-S(0)mORd, 


5) 


-C(0)NRdRh, or 


6) 


-5-tetrazolyl; 


1) 


-C(0)-. 


2) 


-O-C(O)-, 


3) 


-NRe-C(O)-, 


4) 


-S(0)2-. 


5) 


- P(0)(OR4) or 


6) 


C(0)C(0); 



15 Z and A are independently selected from -C- and -C-C-; 

B is selected from the group consisting of 

1) a bond, 

2) -C- 
20 3) -C-C-, 

3) -C=C-, 

4) a heteroatom selected from the group consisting of 
nitrogen, oxygen, and sulfur; and 

5) -S(0)m-. 

25 

2. A method of Claim 1 wherein in compoxinds of 

Formula I, 

Yis S(0)2; 

is (1) Cl-ioalkyl, 

30 (2) Cy. or 

(3) Cy-Ci-io alkyl; 
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wherein alkyl is optionaUy substituted with one to two substituents 
independently selected from Ra, and Cy is optionally substituted with 
one to four substituents independently selected from Rb. 

5 3. A method of Claim 1 wherein said cell adhesion is 

mediated by VLA-4. 

4. A method of Claim 1 wherein said disease is selected 
from asthma, allergic rhinitis, multiple sclerosis, atherosclerosis. 
10 inflammatory bowel disease and inflammation. 



5, A compound having the formula la: 




15 



la 



or a phannaceutically acceptable salt thereof, wherein 
Rl. R2. R3, R4, R5, R6. R7, X. B, and Z are as defined in Claim 1 with the 
proviso that R6/R7 is not oxo when attached to the carbon between N and 
20 B. and with the fiirther proviso that when B and Z are each C, R2, R3, 
R6, and R7 are each H, then Rl is other than phenyl, 4.methylph^yl' 
and 5-(NRdRe)naphthyl. 



25 



6. A compound of Claim 5 wherein Z is C. 

7. A compound of Claim 5 wherein B is C, C=C, C-C or 
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5 



10 



15 



8. A compound of Claim 5 wherein X 13 C(0)ORd. 

9. A compound of Claim 5 wherein Rl is Ci-ioalkyl Cy 
or Cy-Ci.ioalkyl wherein alkyl is optionally substituted with one to two 
substituents independently selected from Ra, and Cy is optionally 
substituted with one to four substituents independently selected from Rb. 

10. A compound of Claim 5 wherein Rl is aryl optionally 
substituted with one to four substituents selected from Rb. 

11. A compound of Claim 5 wherein R5 is H and R4 is Ci 
10 alkyl or Cy-CMOalkyl. wherein alkyl is optionally substituted with one 
to four substituents selected from phenyl and Rx. and Cy is optionally 
substatuted with one to four substituents independently selected from Ry- 
or R4 R& and the carbon to which they are attached together form a 3-7 ' 
membered mono- or bicyclic carbon only ring. 



12. A compound of Claim 1 1 wherein R4ia phenyl-C 1.3 
alkyl, wherein phenyl is optionaUy substituted with one or two groups 

20 selected from Ry. *^ 

13. A compound of Claim 5 having the formula lb: 



25 




lb 
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10 



15 



20 



wherein R2 ia H or Ci-e alkyl, and Rl. R2, r3, r4 and R5 and X are 
defined in Claim 5. 

14. A compound of Claim 13 wherin X is CO2H; Rl is 
anrl optionally substituted with one to four substituents selected from Rb- 
R2 IS HrRS H or C1.3 alkyl; R4 is phenyl-Ci.3alkyl. wherein phenyl is ' 
optionally substituted with one or two groups selected from RX; and R5 



15. A compound of Claim 5 having the formula Ic: 



IS 

is 





rr- mo.2 



Ic 



whea^in R2 is H or C1.3 alkyl; R6 ia H, Ci-s alkyl, aryl. ORd SRd 
NRdRe or NRdC(0)Re; B is S. C=C. C or C-C; R3 is H or Ci-ealkyl. Rb 
and Ry are as defined in Claim 5. 

16. A compound of Claim 15 wherein B is C and Rb is 
halogen, Ci-ioalkojiy, cyano, or trifluoromethyl. 

17. A compound selected from the group consisting of: 

N-(3,4-dimethoxyben2enesulfonyl)-l,2,3,4-tetrahydroi8oquinoline 
3(S)-carbonyl-<L)-leucine; 



-103- 



wo 98/53814 PCT/US98/10940 



N-(34-dimethoxybenzenesulfonyl)-1.2,3,4-tetrahydroisoquiiioline- 
3(S)-carbonyl-(L)-arginiiie; 

N-(3,4-diinethoxybenzeneaulfonyl)-l,2,3,4-tetrahydroisoqiiinolin 
3(S)-carbonyl-(L)-glutainic acid; 

N-(3,4-diinethoxyben2enesulfonyl)-l,2,3,4-tetrahydroisoquinoline- 
3(S)-carbonyl-glycine; 

N-(3,4-dimethoxybenzenesulfonyl)-1^2,3,4-tetrahydroisoquinoline- 
3(S)-carbonyl-(L)-(l-naphthyl)alanine; 

N.(3,4-dimethoxybeiizenesulfonyl)-l,2,3,4-tetrahydroisoquinoline- 
3(S)-carbonyl-(L)-a-t-butylglycine; 

N-(3,4-dimethoxybeiizene3ulfonyl)-l,2,3,4.te1xahydroisoquiiioline- 
3(S)-carbonyWL)-3-(2-thienyl)alaiiine; 

N-(3,4-dimethoxybeii2enesulfonyl)-l,2,3,4-tetrahydroisoqu^ 
3(S)-carbonyl-(L)-cyclohexylalanine; 

N-(3,4-dimethoxybeiizene3ulfonyl)-l,2,3,4-tetrahydroisoqiiinoline- 
3{S)-carbonyl-(L)-3-(2-naphthyl)alanine; 

N.(3,3-diphenylpropanoyl)-l,2,3,4-tetrahydroisoquinoline-3(S)- 
carbonyKD-norleucine; 

N-(2,4-Klinitroben2eneaulfonyl).l,2,3,4-tetrahydroisoqiiino^ 
carbonyKD-norleucine; 

N-(3,4-dimethoxybeiizenesulfonyl).l,2,3,4.tetrahydroisoquinolm 
3(S)-carbonyl-(L)-3,3-diphenylalanine; 

N.(3,4-dimethoxyberizenesulfonyl)-l,2,3,4-tetrahydroi8oquinolm^ 

3(S)-carbonyl-l,2,3,4.tetrahydroisoquinoline-3-carboxylic acid; 

N-(3,4-dimethoxybGnzenesulfonyl)-l,2,3.4-tetrahydroisoquinoU^ 
3(S)-carbonyl-(L)-proline; 

N-dansyH,2,3,4-tetrahydroisoquinoline-3(S)-carbonyl.(L)- 
norleucine; 

N-(2-naphthaleneaulfonyl)-l,2,3,4.tetrahydroisoquinoline-3(S). 
carbonyKD-norleucine; 

N^4-methoxyben2enesulfonyl)-l,2,3,4-tetrahydroisoquinoline.3(S). 
carbonyHD-norleucine; 
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N-(4-phenylbenzoyl)-l,2,3,4-tetrahydroisoqumoline-3(S)-carbonyl- 
(L)-aorleucine; 

N-(3,4-dimethylben2eneaulfonyl)-l,2,3,4-tetrahydroisoquiiioline- 
3(S>carbonyl-(L)-^teine; 

N.(4-t-butylbenzenesTilfonyl)-l,2,3,4-tetrahydroi8oquinoline-3(S)- 
carbonyl-(L)-norleuciiie; 

N-(2,5-dichIorobenzene8ulfonyl)-l,2,3,4-tetraliydroisoquinoline- 
3(S)-carbonyl-(L)-norleucine; 

N-(2-me8itylenesulfonyl)-l,2,3,4-tetrahydroisoquinoline-3(S)- 
carbonyHD-norleucine; 

N-(p-toluenesulfonyl)-l,2,3,4-tetrahydroisoquinoUne-3(S)-carbonyl- 
(L)-norleucine; 

N-(4.chlorobenzenesulfonyl)-l,2,3,4.tetrahydroisoquinoline-3(S)- 
carbonyHD-norleucine; 

N-(N'-acetylsulfanilyl)-l,2,3,4-tetrahydroisoqmnoline-3(S)- 
carbonyHD-norleucine; 

N-(4-fluorobenzenesulfonyl)-l,2,3,4-tetrahydroi8oqumoline-3(S)- 
carbonyl-(L)-norleucine; 

N-(l-naphthalenesulfonyl)-l,2,3,4-tetrahydroi8oquinoline-3(S)- 
carbonyHD-norleucine; 

N-(benzylaulfonyl)-l,2,3,4-tetrahydroisoqiiinoUne.3(S)-carbonyl- 
(L)-norleucine; 

N-(4-nitrobenzene8ulfonyl)-l,2,3,4-tetrahydroisoquinoline-3(S)- 
carbonyHD-norleucine; 

N-(3,4-diiiiethoxybenzene8ulfonyl).l,2,3,4-tetrahydroiaoqmnoline- 
3(S)-carbonyl-(L)-phenylalaiune; 

N-(3,4-diiriethoxybenzene8ulfonyl).l,2,3,4-tetrahydroisoquinoliiie- 
3(S)-carbonyl-(L)-glutaimne; 

N-(3,4-dimethoxybenzene8ulfonyl)-l,2,3,4-tetrahydroiaoquinoline- 
3{S)-carbonyl-(LH4-nitropheiiyl)alanine; 

N-(34-(iimethoxybenzenesulfonyl)-l,2.3,4-tetrahydroisoquinoIine- 
3(S)-carbonyl-(L)-aaparagine; 
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N-(3.4-dimethoxybenzene8ulfonyl)-l,2.3,4-tetrahydroisoquinolin 
3(S)-carbonyl-(L)-inethionine; 

N.(3.4-diinetfaoxybenzeneaulfonyl)-l,2.3,4-tetrahydroisoquinolin 
3(S)-carbonyl-(L)-homophenylalaiiine; 

N.(3,4-dimethoxyben2ene8ulfonyl).l,2,3.4-teti^ydroisoquinoliiie- 
3(S)-carbonyl-(D)-norleucme; 

N-(3,4-<iimethoxybenzene8ulfonyl)-l^,3,4.tetrahydroi8oqmiioline- 
3(S)-carbonyl-(L)-(4-fluorophenyl)alanine; 

N-(3-tolueiie8ulfonyl)-l,2,3,4.tetrahydroi8oquinoUne.3(S).carbonyl- 
(D-norleucine; 

N-(4-trifluoromethylbenzenesulfonyl)-l,2,3,4- 

tetraliydroiaoquinoline-3(S)-carbonyl-(L).norleucuie; 

N-(4-n-propylbenzenesulfonyl).1.2,3.4-tetrahydroi8oquinoline-3(S)- 
carbonyHD-norleucine; 

N-(4-i8opropylbeii2enesulfonyl).l,2.3,4-tetrahydroi8oquinoliiie.3{S)- 
carbonyl-(L)-norleucine; 

N.(2,6-dichloroben2ene8ulfonyl)-l,2,3,4-tetrahydroiaoquiQoUne- 
3(S )-carbonyl-(L)-norleucine; 

N-(4-etiiylbenzenesiilfonyl)-1.2,3.4-tetrahydroisoquinoIine-3(S)- 
carbonyl-(L)-norleucine; 

N-(2.4-difluorobenzenesulfonyl)-l,2.3,4.tetrahydroisoquinoline- 
3(S)-carbonyl-(L)-norleucine; 

N-(2-<yanoben2enesiilfonyl)-1.2,3,4-tetrahydroi8oquinoUne-3(S)- 
carbonyl-(L)-norleucine; 

N-(4-tert-aiaylbenzene8ulfonyl)-1.2,3,4-tetrahydroi8oquiiioline- 
3(S)-carbonyl-(L)-norleucine; 

N-(4-chloro-3-nitrobenzenesulfonyl)-l,2,3,4- 

tetrahydroi8oqmnoIine.3(S)-carbonyl-(L)-norleucine; 

N-(3-cyaiiobenzoyl)-l,2,3.4.tetrahydroisoquinoline.3(S).carbonyl- 
(L)-iiorleucine; 

N-(3,5-dichloroben2enesulfonyl)-1.2.3,4-tetrahydroi8oquinoliiie- 
3(S)-carbonyl-(L)-norleucine; 
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N-(3,4-dichlorobenzeiieaulfonyl)-l,2,3,4-tetrahydroisoquinoline- 
3(S)-carbony(L)-norleucine; 

N-(2-trifluoromethylbenzeneavilfonyl)-l,2,3,4- 

tetrahydroi8oquinoline-3(S)-carbonyl-<L)-norleucine; 

N-(2,3-dichloroben2eneaulfonyl)-l,2,3,4.tetrahydrois'oqmnolme- 
3(S)-carbonyHL)-norleucine; 

N.(2,4-<iichlorobenzeneaulfonyl)-l,2,3,4-tetrahydroisoquinolme- 
3(S)-carbonyl-(L)-norleucine; 

N-(2,5Kiimethoxyben2enesulfonyl)-l,2,3,4-tetrahydroisoquinoline- 
3(S)-carbonyl-(L)-norleucine; 

N-(3.4-<iimethoxybenzene8iilfonyl)-l,2,3,4-tetrahydroi8oquinolme- 
3(S)-carbonyl-(L)-aerine; 

N-(3,4-dimethoxyben2ene8ulfonyl)-l,2,3,4-tetrahydroi8oquinoline- 
3(S)-carbonyl-(LHsoleucme; 

N-(3,4-<iimethoxyben2ene8ulfonyl)-l,2,3.4-tetrahydroiaoqmnoline. 
3(S)-carbonyl-(L)-tryptophan; 

N-(2,l,3-benzothiadiazole-4-sulfonyl)-l,2,3,4- 

teiTahydroiBoquinoUne-3(S)-carboiiyl-(L)-tryptophan; 

N.(3,4^methoxybenzene8ulfonyl)-1.2,3,4-tetrahydroiaoquinoline- 
3(S)-carbonyl.(L)-3-(3-pyridyl)alanine; 

N-(3,4-diinethoxybenzenesulfonyl)-l,2,3,4-tetrahydroisoqmnolme- 
3(S)-carb(myl-(L)-3-(2-naphthyl)alamne, ethyl eater; 

N-acetyl-l^,3,4-tetrahydroisoquinoline-3(S)-carbonyl.(L). 
norleucine; 

N-(3,4-dimethoxyben2ene8ulfonyl)-l,2,3.4-tetrahydroi8oquiiioline- 
3(R)-carbonyl-<D)-norleucine; 

N-propionyl-(L)-prolyl.l,2,3,4-tetrahydroi8oquinoline-3(S)- 
carbonyl-(L>-norleucine; 

N-(4-cyanobeiizenesulfonyl)-1.2,3,4-tetrahydroisoquinoUne-3(S). 
carbonyl-(L)-norleucine; 

N-(ben2ene8ulfonyl)-l,2.3.4-tetrahydroi8oquinoline-3(S)-carbonyl. 
(D-norleucine; 
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N^3-mtroben2enesulfonyl).l,2,3,4-tetrahydroiaoquinoline-3(S). 
carbonyKD-norleucine; 

N-(3-trifluoromethylben2enesulfonyl)- 1,2 ,3 ,4- 

tetrahydroiBoquinoline-3(S)-carbonyHL)-norleucine; 

NK2-thienylsulfonyl).l,2,3,4-tetrahydroisoquinoUne-3(S)-carbonyl. 
(L)-norleucine; 

* 

N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4-tetrahydroisoquinolme. 
3(S).carbonyl-(L).N-inethylleucine; 

N-(34-dimethoxyben2enesulfonyl).l,2,3.4-tetrahydroifloquinoline 
3(S)-carbonyl.{L)-citrulline; 

N-(4-iodobeii2enesulfonyl)-l,2,3,4-tetrahydroisoquinoUne-3(S)- 
carbonyl-(L)-norleucine; 

N-(3,5-dichlorobeii2enesuJfonyI)-(L)-prolyl.(L)-(3-iodo)tyrosiiie; 

N-(3,5-dichloroben2enesiilfonyl)-(L)-prolyl-(L)-3-(3-pyridyl)alaiine; 

N.(3,5-dichloroben2enesulfonyl).(L)-prolyl-(L)-phenyIalanine; 

N-(3,5-dichlorobenzenesulfonyl).(L)-prolyl.a)-glutaimc acid; 

N-(3,5.dichlorobenzenesulfonyl)-(L).prolyl.(L)-argiiune; 

N-(N.(3,5-diclilorobenzenesulfonyl)-(L)-prolyl)-l-ainino-' 
cyclopentane-l-carboxylic acid; 

N^3,S-dichlorobeiizenesulfonyl)-(L)-prolyl-(L).3-(3,4. 
dichlorophenyDalanine; 

N^3,5-dichlorobenzenesiiifonyl)-(L)-prolyHL)-3-(2- 
naphthyDalanine, ethyl ester; 

N-(3,5-dichlorobenzenesiilfonyl)-(L)-prolyKL)-3-(4- 
bromophenyDalanine; 

N-(3,6-diclilorobenzenesulfonyl)-(L)-prolyHL)-3.(4- 
nitrophenyDalanine; 

N-(3,5-dichlorobeiizenesulfonyl)-(L)-prolyl-(L).3-(4- 
thiazolyDalanine; 

N-(3,5-dichlorobenzenesulfonyl).(L)-prolyl-(L)-3-(2. 
chlorophenyDalanine; 

N-(3,5-dichloroben2enesulfonyl)-(L)-prolyl^)-3-(4- 
chlorophenyDalanine; 
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N-(3,5-dichloroben2enesulfonyl)-(L)-prolyl-(L)^^4- 
cyanophenyDalanine; 

N.(3,5-dichlorobenzene8ulfoiiyl).(L).prolyl-(L)-tyrosiiie.0.aulfate; 

N-(3,5.dichlorobenzene3ulfonyl).a)-prolyl-(L)-3,5-diiodotyro8ine; 

N-(3,5-dichlorobemenesulfonylML).prolyl-(L)-tyrosine; 

N-(3.5-dichlorobenzenesulfoiiylHL).proIyHL)-aspartic'acid; 

N-(3,5-<iichlorobenzenesulfonyl)-(L)-prolyl.(L).tryptophan; ' 

N-(3.5-dichlorobenzenesulfonyl).(L).prolyl.(L)-methiomne'; 

N-(3,4-dimethoxyben2ene8ulfonyl)-(L)-prolyHL).norleucm'e; 

N-(3,5-di(trifluoromethyl)beiizeneaulfonyl)-(L)-prolyl-(L)-3-(2- 
naphthyDalanine; 

N-(3,4-dimethoxybenzenesulfonyl)-(L)-thiappolyl-(L)-3-{2- 
naphthyDalanine; 

N-(3.4-dimethoxyben2enesulfonyl).a)-thiaprolyl-(L).iiorleucine- 

N-[4.(N'.2-toluylureido)phenylacetylJ-a)-thiaprolyl-(L)-3-(2- 
naphthyDalanine; 

N-(3,6-dichlorobenzene8ulfonylHL)-thiaprolyl-a)-3-(2- 
naphthyDalanine; 

N-(3,4-diinetho:cybenzene3ulfonyl)-(L>-pipecolyHL).norleucine- 

N.(3,4-diinethoxybeiizene8ulfonyl)-a)-pipecolyl-(L)-norleucine' 
ethyl eater; 

N-(3,5-dichlorobenzenesulfonyl).(L).pipecolyl-(L)- 
homophenylalanine; 

N-(3,5-dichloroberizenesulfonylML).pipecolyl-(LH34odo)^^ 

NK3.5-dichlorobenzenesulfonyl)-(L)-pipecolyl-(L)-3-(2- 
naphthyDalanine; 

N.[4^.2-toluylureido)phenylacetylI^)-pipecoUny(L)^-{2- 
naphthyDalanine; 

N-[35-di(trifluoromethyl)benzenesulfonyl)J.a)-pipecolyl-(L)-3-^^^ 
naphthyDalanine; 

N-(3,4-dimethoxybenzenesulfonylHL)-pipecolyI.a)-3-(2- 
naphthyDalanine, ethyl ester; 
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N-(3,4-dimethoxybenzenesulfonyl).(L)-octahydroisoqiiinoline-3- 
carbonyl-(L)-norleucine; 

N.(3,4-diinethoxybenzenesulfonyl)-azetidine-2-carbonyl-(L)- 
norleucine; 

N-(3,5.dichloroben2enesiilfonyl)-(L)-4(S)-hydroxyprolyl.a)-3-(2^ 
naphthyDalanine; 

N-(3,4-diniethoxyben2enesulfonyl)-(LM(S)-hydroxyprolyl-(L)- 
norleucine; 

N.(3,4.diinethoxyben2enesulfonyl)-(L)-3,4-dehydroprolyKL)- 
norleucine; 

N-(3-bifl(N,N-benzenesulfonyl)aminobenzenesulfoiiylML)-prolyl- 
(L)-norleucine; 

N-(3,5.dichlorobenzenesiilfonyl)-(L).prolyl-(L)-3-(4-pyridyl)alanine; 

N-(3,5.dichloroben2enesulfonyl)-(L)-4(R)-amiiioprolyl-(L)-3-(2- 
naphthyDalanine; 

N-(3,5-dichlorobenzenesulfonylML).3,4.dehydroprolyl.(L)-4- 
fluorophenylalanine; 

N-{3-chloroben2enesulfonyl)-(L)-prolyl-(L)-4.fluorophenylalanine; 

N-(3,5-dichlorobeiizenesulfonyl)-(L)-4(R)-hydroxyprolyHL)-4. 
fluorophenylalanine; 

N-(3,5.dichlorobenzenesulfonyl).(L)-thiaprolyHL).tyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-thiaprolyl.(L).3.iodoty^sine; 

N-(3-fluorobenzenesulfonyl).(L)-thiaprolyl-(L)-3.(2- 
naphthyDalanine; 

N-(3-fluorobeii2enesulfonyl)-{L)-pipecolyl-(L)-3-(2- 
naphthyDalanine; 

N-(3-fluorobenzenesulfonyl)-(L).thiaprolyl-(L)-4. 
fluorophenylalanine; 

N.(3-fluorobenzenesulfonyl).(L)-prolyl-(LM.nuorophenylalamne; 

N-(3-chlorobenzenesulfonyl)-(L)-3,4-dehydroprolyl.(L)^. 
fluorophenylalanine; 

N-(3-fluorobenzenesulfonyl).(L)-4CR)-hydroxyprolyl-(L)-4- 
fluorophenylalanine; 
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N-(3-chlorobenzene8ulfonyl)-(L)-4(R)-hydroxyprolyl-a)-4- 
fluorophenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-pipecolyl.(L)-4- 
fluorophenylalanine; 

N-(3-fluorobenzene8ulfonyl)-a)-3,4-dehydroprolyl-a)-tyrosine; 

N-(4.5-dichloro-2-thiopheneauifonylML)-prolyl-(L)-tyTosine; 

N-(3-fluoroben2ene8ulfonylHLM(R).hydro3cyproIyKL)-tyrosine; 

N.(3-chloroben2enesulfonyl)-(L).4(R)-hydroxyprolyl-(L)-tyro8ine'; 

N-(3-fluorobenzeiiestilfonyl)-(L)-pipecolyl-(L)-4- 

fluorophenylalanine; 

N-(3.fluorobenzenesulfonyIHL)-4(R)-hydroxyprolyl-a)-tyrosine,0- 
tert-butyl ether; 

N-(3-chlorobenzeneaulfonylHL)-4(R).hydroxyprolyl-(L).tyrosme, 
O-tert-butyl ether; 

N-(4,5-dichloro-2-thiophene3ulfonyl).a)-3.4-dehydroproIyl-(L)- 
tyrosine 

N-(3,5-dichlorobenzenesulfonyl)-(L)-3(S).methyl.prolyl-(L)-4- 
fluorophenylalanine; 

N.(4,5-dichloro.2.thiophene8vilfonyl).(L)-3.4-dehydroprolyl-(L)- 
tyroaine; 

N-(3-fluorobeiizeneaulfonylML)-3.4-dehydroprolyl-a)-tyrosine, O- 
tert-butyl ether; 

N-(3.chlorobeii2ene8uIfonylHL).3,4-dehydroprolyl-a)-tyroaine, O- 
tert-butyl ether; 

N-(3-chlorobenzene8ulfonylHL)-2(S)-methyl-prolyl-(L)-4- 
fluorophenylalanine; 

N-(3-chlorobenzene8ulfonyl)-(L).2(S)-methyl-prolyHL)-tyrosme; 

N.(3-chloroben2ene8ulfonylML)-2(S)-inethyl-prolyl-(L)-tyrosine.'o- 
tert-butyl ether; 

N-(3,5-dichlorobenzenesulfonyl).(L)-2(S)-methyl.prolyl.(L)- 
tyrosine; 

N.(3-fluorobenzexiesulfonyl)-(L).prolyl-(L).3-iodotyro8ine; 

N.(3.chlorobenzenesulfonyl)-(L)-prolyl.(L)-3-iodotyro3me'; 
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N-(3-fluoroben2enesulfonyl)-(L)-prolyl-(L)-3-phenylalanine; 
N.(3-chlorobGn2eneaulfonyl).(L).prolyl-(L)-phenylalanine; ' 

N-(3.5-dicWorobenzenesulfonyl).a)-prolyl.(L)-phenylalaiine; 

N-(3-fluorobeiizenesiilfonylML)-4(R).hydroxyprolyKL). 
pbenylalanine; 

N-(3-chloroben2enesulfonyl)-(L).4(R).hydroxyprolyl-(L)- 
phenylalanine; 

N-(4,5-<iichloro-2-thiophenesulfonyl).(L)-3,4-dehydroprolyl-(L)-3-(4. 
P3rridyl)alanine; 

N-(4,5-di<iiloro.2-thiophenestilfonyl)-(L).thiaprolyl-(L)-3-(4- 
pyridyDalanine; 

N.(4,5^chloro-2.thiophenesulfonyl)-(L)-3,4-dehydroprolyl.(L)^- 
fluorophenylalanine; 

N-(3,5-dichlorobeii2eiieaulfonyl).(L)^(R)-hydroxyprolyl-(L). 
phenylalanine; 

N-(3-trifluoromethylbenzenesulfonyl)-(L)-prolyl.(L).4- 
fluorophenylalanine; 

N-(3-trifluoromethylbenzenesulfonyl).(L)-thiaprolyl.(L)-4- 
fluorophenylalanine; 

N^3.fluoroben2ene3ulfonyl).(L)-3,4-dehydroprolyl-(L)-4- 
fluorophenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl.(L)-tyroaine, O- 
phosphoric acid; 

N.(3.chlorobenzenesiilfonyl).(L)-4(R).aminoprolyHL)-tyrosine; 

N^4,5-dicmor()-2-thiophene3ulfonyl)-(L)-thiaproIyHL)-^^^ 

N-<Ni-methyI-4-imidazoiesiilfonyl)-(L)-prolyl-(LM- 
fluorophenylalanine; 

N-(3,5-dichloroben2enesiilfonyl)-(D)-prolyl-(DM- 
fluorophenylalanine; 

N-(4,5-dichloro-2-thiophenesulfonyl)^L)-4(R)-aminoprolyl-a)-3-(4- 
pyridyDalanine; 

N-(5.(5.trifluoromethyl-2-pyridylsulfoiiyl).2-thiophenesulfonylHL)- 
prolyl-(L)-4-fluorophenylalanine; 
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N-(5-(N-(4-chlorobeiizoyl)aininomethyl)).2-thiophene8ulfonyl)-CL)- 
prolyl-(L)-4-fluorophenylalanine; 

N-(5-(3-(l-methyl.5-trinuoromethyl-pyra2oyl))-2- 

thiophene8ulfonyl)-(L)-prolyHL)-4.fluorophenylalaiiine: 

N-(3-fluorobenzene8ulfonyl)-2(S)-methylprolyl^)0.tert^butyl- 
tyrosine; 

N-(3-fluorobenzenesulfonylHL)-4CR)-aminoprolyHL>-4- 
fluorophenylalanine; 

N^3.5-dichlorobenzenesulfonyIKL)-4(R).aininoprolyI-(L)-4- 
fluorophenylalanine; 

N.(3.chlorobenzene3ulfonyl)-a)-4(R)-aiiimoprolyl-(L)-4. 
fluorophenylalanine; 

N-(3,5-dichloroben2enesulfonyl)-a)-4(S).aminoprolyHL)-4- 
fluorophenylalanine; 

N.(3-chlorobenzenesulfonylHL)-thiaprolyl-(L)-4- 
fluorophenylalanine; 

N-{4-bromo-5-chloro-2.thiophenesulfonyl)-(L)-prolyl.(L)-4- 
fluorophenylalanine; 

N-(4,5-dichIoro-2-thiophenesulfonyl)-(L)-prolyl-(L)-4. 
fluorophenylalanine; 

N-(3,5-dichlorobenzenesulfonylHL)-thiaprolyl-{L)-3,5. 
diiodo^^osine; 

N-(5-ben2oylaniinomethyl-2-thiophene8ulfonyI)^)-prolyl-(L)-4. 
fluorophenylalanine; 

N-(3-chlorobenzenesulfonylHL)-prolyHL).O.tert-butyl.tyroaine- 

N^5-ben2ene3ulfonyI.2-thiophenesulfoilyl)^).prolyl-(L)-4- 
fluorophenylalanine; 

N^3.bromo-6-chloro-2-thiophenesulfonylHL).prolyl-a)-4- 
fluorophenylalanine; 

N-(3-chlorobenzene3ulfonylML)-3,4^ehydroprolyHL)-ty^^ 

N-(3,5-dichlorobenzenesulfonyl)-{L)-prolyl-(L)- 
homophenylalanine; 
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N-(4-benzenesulfonyl-2-thiophenesulfonyl)-(L)-prolyl-(L)-0-tert- 
butyl-tyrosine; 

N-(5-benzoylaiiiinomethyl-2-tMophenesulfonyl)-(L)-prolyl.(L)-0- 
tert-butyl-tyrosine; 

N-(traiia-2-phenyl-ethylene-aulfonyl)-(L)-prolyl-(L)-0-tert-butyl. 
tyrosine; 

N-(5-benzenesulfonyl-2-tWophenesiilfonyl)-(L)-prolyl-(L)-0.tert 
butyl-tyrosine; 

N-(3.fluorobenzenesulfonyl)-(L)-thiaprolyl-(L)-0-tert-butyl- 
tyrosine; 

N-{benzylsulfonyl).(L)-prolyI-(L)-0.tert-butyl-tyrosine; 

N.(3,5-dichlorobenzenesulfonylKL)-prolyI-(L).cysteine, amide; 

N.(l-methyl-4-imidazolylaulfonyl)-(L)-prolyl-(L).0-tert-butyl- 
tyrosine; 

N-(4-(N-(4-dimetbylaminophenyl)diazo)-benzenesulfonyl)-(L)-. 
prolyl-CD-O-tert-butyl-tyrosine; 

N.(5-(4.trifluoromethylbenzenesulfonyl)-2-thiQphenesulfonyl)-(L)- 
prolyl-(L)-0-tert-butyl.tyrosine; 

N^3-bromobenzenesulfonyl)-(L).prolyl-(L)-0.tert-butyl.tyrosine; 

N^4.methylsulfonyl-benzenesulfonyl)-(L)-prolyKL)-4- 
fluorophenylalanine; 

N-(4-metho3Qrben2enesulfonyl)-(L).prolyHL)-0.tert.butyl.tyrosine; 

N-(4,5-dichloro-2-thiophenesulfonylML)-prolyl-CL)-3- 
flnorophenylalanine; 

N-(5-chloro-2-thiophenesulfonyl).(L)-prolyl-(L)^ 
fluorophenylalanine; 

N-{3-chlorobenzenesiilfonyl)-(L)-thiaprolyl-(L)-tyrosine; 

N^3,5.dicmorobenzenestdfonyl).(L)-2(S).methylprolyHL)-0.t€rt- 
butyl-tyrosine; 

N-(l(R)-(+)-i0-cainphorsxilfonyl)-(L)-prolyHL)-O-tert.butyl- 
tyrosine; 

N-(l(SH+).10-camphorstilfonyl)^L)-prolyl-a)-0.tert-butyl- 
tjo^oaine; 
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N-(3,4-methylenedioxy-pheiiylacetyl)-(L).prolyl-(L).0-tert-butyl- 
tyrosine; 

N-(3-cMoroben2ene8ulfonylMLM(R)-hydroxyprolyl-(L)-tyro8me-0- 
sulfate; 

N-(3-chlorobenzenesulfonylHL)-thiaprolyl.(L)-tyrosme-0-3uIfate: 

N-(3,5-dichlorobenzenesulfonyl)-a)-prolyl-(L)-cysteine; 

N.(3.5-dichlorobenzenesulfonyl)-a)-prolyl.(L)-N-methyl- 
isoleucine; 

N-(3.5.dichlorobenzene8uIfonyl)-(L)-4(R)-ammoprolyl-a)-0-tert- 
butyl-tyrosine; 

N-(3-chloroben2enesulfonyl).(L)-4(R)-aminoprolyl-(L)-0.tert-butyl- 
tyrosine; 

N.{3.cyanobenzenesulfonyl).a)-prolyl.{L)-tyro8me; 
N-benzeneaulfonyKD-prolyHD-O-tert-butyl-tyrosine; 

N-(4.methyl8ulfoiiylben2enesulfonyl).(L)-prolyl-(L)-0-iert-butyl- 

tjrrosine; 

N-(4.5-dichloro-2-thiophene8ulfonyl)-(L).4(R)-amiiioprolyl.(L)-0- 
tert-butyl-tyro3ine; 

NK4,5-dicmoro-2-thiophenesulfonyl)-(LM(R)-a^ 
fluorophenylalanine; 

N-(9-fluorenylmethyloxycarbonyl)-(L)-prolyi-(L)-phenylalanm^ 

N-(benzene8ulfonyl)-(L)-prolyl-(L)-phGnylalamne; 

NKn.octyl-l-aulfonyl).a)-prolyl.(L)-phenylalanine; 

N-(3-fluorobenzeiieaulfonylML)-5(R)-phenyl.prolyl-(L)-4- 
fluorophenylalanine; 

N-(3,5-dichlorobenzeneaulfonyl).(L).3(R>.pheiiyl.prolyl-a)-4- 
iodophenylalanine; 

N.(3,5.dichlorobenzenesulfonyl)-1.2.3.4-tGtrahydroisoquinoline.l- 
carbonyl-(L)-4-fluorophenylalanine; 

N-<3,5-dichlorobenzenesulfonyl)-1.3-dihydroi8oindolyl-l-carbonyl- 
(LM-fluorophenylalanine; 

N-(4-(fluorescien-4-carbonylainino)ben2ene suifonyl)-a)-prolyl- 
(D-O-tert-butyl-tjrrosine; 
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N-(3-ethoxycarbonyl-benzenesulfonylML)-prolyl-(L)-0-tert-butyl- 
tyrosine; 

N-(4-io<iobenzenesulfonyl)-(L)-prolyl-(L)-4-benzoyl-phenylalanine; 

N-(3-(4-benzophenonyl-carbonylaiiiino)-benzenesulfonyl)-(L)- 
prolyl-(L).0-tert-butyl-tyroaine; 

N-(3-(6-(biotinylammo)-n-hexanoyl)-aininobenzene8ulfonyl)-(L)- 
prolyl-(L)-0-tert-butyl.tyrosine; 

N-(3,5-dichlorobenzeiieaulfonyl)-(3.1.0]-3-a2abicyclohexane-2- 
carbonyl-(L)-4-fluorophenylalaiune; 

N-(3,5-dichlorobenzenes\ilfonyI))-(L)-prolyl.(L)-3.(2- 
naphthyDalanine; 

N-[4-(N'.2-toluylureido)phenylacetyl-(L)-prolyl.(L)-norleucme; 
N-(3,4-dimethoxyben2oyl).a)-prolyl-(L)-norleucine; 

N-(3,4-dunethoxybenzenesulfonyl))-(L)-pipecolyl-(L)-tryptophan; 
N-(4-nitrobenzenesulfonyl))-(L)-prolyl-(L)-norleucine; 

N-{3,5-di(trifluoromethyl)benzenesulfonyl)].(L)-proIyl-(L)- 
norleucine; 

N-(3.5-dichIorobenzenesulfonyl))-(L)-prolyl-(L)-norleuciiie; 

N-(3-trifluoromethylbeiizenesulfonyl))-(L).prolyl-{L)-norleucine; 

N.l4-(beiizoylamino)ben2enesulfonyl)HL)-prolyl.(L).norleucine- 

N-(4-methoxy.3,5-dinitroben2enesulfonyl)-(L)-prolyl-(L)-norleudne- 
N-(3-chlorobenzenesulfonyl))-(L)-prolyl-(L)-norleucine; 

N-(3-trifluoromethylbenzene8ulfonyl)ML).prolyl-(L)-3-(2- 
naphthyDalanine; 

N-(3-mtrobeii2eneauIfonyl)).(L)-prolyl-a)-norleucine; 

N-(3-cyanobenzenesulfoiiyl)).(L).prolyKL)-norleucine; 

NK3,5-dichloroben2enesulfonyl)).a)-prolyl-{L)-tryptophan; 

N.(3-methylbenzenesulfonyl)).(L)-prolyl-(L)-norleucme; 

N-<3,5-dichlorobenzene3ulfonyl))-a)-3(S)-methyl-prolyHL)-3-(2. 
naphthyDalanine; 

N-(3-chlorobenzene8ulfonyl).(L).prolyl-{L)-3.(2-naphthyl)alaiiine- 

N-(3-fluorobenzene8ulfonyl)).(L)-prolyl-(L)-3-(2-naphthyl)alanine' 
N-phenylacetyl-(L)-prolyl-(L).3-(2-naphthyl)alanine; 
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N-(3-phenylpropionyl)-(L)-prolyl.(L)-3-(2-iiaphthyl)alaiune; 

N-(phenylammocarbonyl)-(L)-prolyl-(L)-3.(2-naphthyl)alanine; 

N-(3,6-dachlorobenzenesulfonyI))-(L)-2-methyl-prolyl.(L)-3-(2- 
naphthyD-alanine; 

N-(benzenesulfonyl)-(L)-prolyI.(L)-3.(2-iiaphthyl)alaiiine; 

N-{4-N'-phenylureidobeii2enesulfonyl).(L)-prolyHL)-3-(2- 
naphthyDalanine; 

N.(3-fluorobenzenesulfonyl)-(L)-5,5-dimethyl.prolyl-(L)-3-(2- 
naphthyDalanine; 

N-(4-N'-(2-toluyl)ureidobenzenesulfonyl)-a)-prolyl-(L)-3-(2- 
naphthyDalanine; 

N-(3-fluorobenzenesulfonyl)-(L)-prolyl-(L)-4-iodophenylalanine; 

N-(4-N'-ben2ylureidobenzenesulfonyl)-(L)-prolyl-(L)-3-(2- 
naphthyDalanine; 

N.(phenyloxalyi)-(L)-prolyl-(L)-3.(2.iiaphthyl)alanine; 
N.(benzylaimnocarbonyl)-(L)-prolyl-{L).3-(2-naphthyl)alanine; 

N-{3-fluorobenzenesulfonyl)-(L)-2(S)-inethyl-prolyl-(L)-4- 
fluorophenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl-prolyl.(L)-4- 
fluorophenylalaiiine; 

N-(3.5-dichlorobenzenesulfonyl)-(L)-prolyl.(L)-phenylalanmainide- 
N-methyisvdfonamide; 

N-(3,5-dichlorobenzenesulfonyl).(L)-2(S)-methyl-prolyl.(L)-4- 
iodophenylalaniine; 

N-(3-fluorob6nzenesulfonyl)-(L)-prolyl.(L)-phenylalanine; 

N-(3,5-dichlorobenzenesvilfonyl)KL)-5-methylprolyl-{L)-4-' 
fluorophenylalanine; 

N-(3,5-dichlorobenzenesulfoiiyl)-3-phenylazetidinylcarbonyKL)^ 
fluorophenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-allylprolyHL)-4- 
fluorophenylalanine; 

N-(3,5.dichlorobenzenesulfonyl)-(L)-2(S)-methyl-prolyl-a)- 
phenylalanine; 
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N-(3-trifluoromethyiben2eneaulfonylHL)-2(S).methyi-prolyl-(L)-4. 
nitro-phenylalanine; 

N.(3,5-dichIoroben2ene8ulfonyl)-(L).3(R)-methyl-prolyl-(L).4. 
fluorophenylalanine; 

N-(3,5.dichloroben2enesulfonylHL).2(S)-methyl-prolyl-(L)-4- 
cyanophenylalEuiine; 

N-{3,5-dichlorobenzenesulfonylML)-2(S)-methyl-prolyl-(L)-4. 
(aminocarbonyD-phenylalanine; 

N-(3,5-dichlorobenzenesulfonyI)-(L)-3(R)-methyl-prolyl-(L)-4-(N-t- 
butoxycarbonylaminomethyD-phenylalanine; 

N-(3,5.dicWorobenzene8iilfonyi)-(L)-3(R)-methyl.prolyl-a)-4- 
(aixiinomethyl)>phenyIalanine; 

N-(3-trifluoromethylphenyl8ulfonyl)-(L)- 2(S)-methyl-prolyl.a)-4- 
acetaminophenylalanine; 

N-(3-trifluoromethylphenylsiilfonyIHL)-2(S)-methyl-prolyl-(L)-4. 
(N'-(2-toluyl)ureido)phenylalanme; 

N-(3-trifluoromethylphenylsulfonyl)-(L)-2(S)-methyl-prolyl-(L)-4- 
(N'-(4'.fluorophenylsulfonyl)ureido)phenylalaimie; 

N-(3-trifluoromethylphenylsulfonyl)-(L)-2(S)-methyl-prolyl-(L)-4- 
(ethoxycarbonyDaminophenylalanine; 

N.(3-trifluoromethylphenylBulfonylHL)-2(S)-methyl.prolyl.(L)-4-(4'- 
(N'-(2.toluyl)ureido)phenylacetyI)aminophenylalanine; 

N-(3-trifluoromethylphenylsulfonyIHL).2(S)-methyl-prolyl-(L)-4.(4'- 
fluorophenylaulfonyDaminophenylalanine; 

N.(3-trifluoroinethylphenyl8tilfonyl)-a)-2(S)-methyl-prolyl.a)-4- 
(phenylacetyl)aminophenylalanine; 

N-(3-trifluoromethylphenylaulfoiiyl)-(L)-2(S)-methyl-prolyl-(LM-(4'- 
fluorobenzoyDaminophenylalanine; 

N.(3-tri£luoromethylphenylaulfonyl)KL)-2{S)-methyl.prolyl-(L)-4. 
(laobutyloxycarbonyl)aminophenylalanine; 

N.(3.trifluoromethylphenylsulfonyl)^).2(S)-inethyl.prolyl-(L)-4- 
methylsulfonylaminophenylalanine; 
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N-(3-trmuoromethylphenylaulfonyl)-(L)-2(S)-methyl.pro^^^ 
(N*-(4-fluorophenyl)ureido)phenylalaiune; 

N-(3.trifluoromethylbenzenesulfonylHL)-2(S)-methyl-prolyl-^ 
(N-(l,l-dioxo-l,2-isothiazoUdinyl)-phenylalanine; 

N-(3-trffluoromethylphenylsxilfonylHL).2(S)-metM 
(IT -(4.(2-0x0- l-pyrroUdinyD-phenylalanine; 

N.(3,5-dichorobenzenesiilfonyl).(L)-pVolyl-(L)-4^4'- 
fluorobenzoyDphenylalanine; 

N-(3,5-dichlorobenzenesulfonyl).(L)-prolyHL)-4'-(2- 
methoxybenzoyPphenylalanine; 

N-(3,5.dichoroben2ene8ulfonyl)-a)-2(S)-methyl.prolyl-a)-4-(4'. 
fluorobenzoyDphenylalanine; 

N-(3,5-dichlorobenzenestilfonyl)-(L)-prolyl-(L)-4-(4- 
fluorobenzyDphenyl alanine; 

N-(3,5-dichloroben2enesulfonyl)-(L)-prolyl-(L)-4-(2- 
znethoxybenzyDphenylalanine; 

N-(3,5-dichlorobenzene8ulfonyl)-(L).prolyl-a)-4.(2-mtrophenoxy)- 
phenylalanine; 

N-(3,5-dicWoroben2enesulfonylHL)-prolyHLM-(4-mtrophe^^^ 
phenylalanine; 

N-(3,5-dichlorobenzeneaulfonyl)-(L)-2(S)-inethyl-prolyHL)-4-(2. 
nitrophenoxy)-phenylalanine; 

N.(3,5-dicWorobenzenesiilfonyl).(L).prolyHL)-t.(2-ami^ 
phenylalanine; 

N-(3,5-dichloroben2enesulfonyl)-(L)-prolyl-(L)-4-(2- 
acetylaminophenoxy).phenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-a)-4-(4- 
acetylaniinophenoxy)-phenylalanine; 

N.(3.5-dichlorobenzenesulfonylML)-2(S)-methylprolyH 
acetylaminophenoxy)-phenylalanine; 

N-(3,5.dichlorobenzenesulfonyl)-2^S).methyl-a)-prolyl-4-(2- 
cyanophenoxy)-phenylalanine ; 
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N-(3,5-dichloroben2enestilfonyl)-2-{S)-methyUL)-prolyl-4-(4- 
cyanophenoxy)-phenylalanme; 

N-(3,5-dichlorobenzenesulfonylML)-prolyl-(L)-0-terfc-butyl-tyro8ine; 

N-(3,5-dichlorobenzene8ulfonyl)-(L)-prolyl.{L)-0-methyl-tyrosine; 

N-(3,5.dichlorobenzene8ulfonyl)-a)-prolyl-(L)-0.benzyl.tyrosme; 

N-(3.5-dichlorobenzeneaulfonyl).(L)-prolyKL)-0-ii-butyl.tyroame; 

N-(3,5-dichloroben2eneaulfonyl)KL)-prolyl.(L)-0-cyanomethyl- 
tyrosine; 

N-(3,5-dichlorobenzenesulfonylHL)-prolyl-(L)-0-{2-methoxyethyl)- 
t3rrosine; 

N-(3,5-dichIoroben2ene8ulfonyl)-(L)-prolyHL)-0-(2-ethoxyethyl). 
tyrosine; 

N-(beiizenesulfonyl).{L)-prolyHL).0.(2-methoxyethyl).tyro8ine; 
N.(benzenesulfonyl)-(L)-prolyl-(L).0-(2-ethoxyethyl)-tyrosme; ' 
N-(3,5-<iichlorobenzenesulfonyI)-(L)-prolyl-(L)-0-(l- 
pyrrolidinylcarbonyD-tyrosine; 

N-(benzene8ulfonyl)-(L)-prolyl-(L)-0-(l.pyrrolidinylcarbonyl)- 

tyrosine; 

N-(3,6-dichlorobenzene8ulfonylHL)-prolyl-(L)-0-(tert-but7l acetate)- 
tyrosine; 

N-(3,5-<iichloroben2enesulfonyl)-(L)-prolyl-(L)-0-(4-morpholinyl- 
carbonyD-tyrosine; 

N-(3,5-<lichlorobenzenesulfonylKL).prolyHL)-0-(l-(2-propanonyl). 
tyrosine; 

N^3,5-dichlorobenzenesulfonyl)-(L)-2(S)-niethyl-prolyl-(L)-0-(l- 
pyrrolidinylcarbonyD-tyrosine; 

N-(3.5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl.prolyHL)-0-(tert- 
butyl acetate)-t7rosine; 

NK3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl.proIyl-(L)-0-(2- 
ethoxyethyD-tyrosine; 

N-(3,5-dichloroben2enesulfonyl)-a)-prolyl-(L)-0-(acetic acid)- 
tyrosine, methyl ester; 
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N-(3,5-dichlorobenzenea\ilfonylHL)-prolyl.(L)-0-(acetic acid)- 
tyrosine; 

NK3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl.prolyl-(L)-0-(l-(2- 
propanonyD-tjnroaine; 

N.(3,5-dichlorobenzene8ulfonyl)-(L)-2(S)-inethyl-prolyl.(L).0-(l- 
pyrrolidinylcarbonyD-tyrosine, methyl ester; 

N-(3,6-dichlorobenzenesulfonyl).(L)-2(S)-inethyl-prolyl-(L)-0-(4- 
morpholinyl-carbonyD-tjrrosine; 

N-(3,5-<lichlorobenzenesulfonyl)-(L)-prolyl-(L)-0-(2- 
pyrrolylcarbonyD-tyroaine; 

N-(3,5-dichlorobeiizenesulfonyl)-(L)-2(S)-methyl-prolyl-(L)-0-(N- 
phenyl-N-methylaminocarbonyD-tyrosine; 

N-(3,5-dichlorobenzenesiilfonyl)-(L)-2(S)-methyl-prolyHL)-0-(N^- 
diethyl-aminocarbonyl)-tyrosine; 

N-(3-chlorobenzenesulfonylML)-2(S)-methyl.prolyl-a)-0-(4- 
morpholinyl-carbonyD-tyrosuie; 

N-(3,5-dichlorobenzenesulfoiiyl)-(L)-2(S)-methyl-prolyl-(L)-0-(N^- 
diisopropyl-aminocarbonyD-tyrosine; 

NK3.5^chlorobeiizenesulfonylHL)-prolyl-(L)-0-(ben2oyl)-tyro8ine; 

N-(3,5-dichlorobenzene8ulfonyl).(L)-prolyl-(L)-0-(cyclopentanoyl)- 
tyrosine; 

N-(3,5-dichlorobenzene8ulfoiiyl)-(L)-prolyl-{L)-0-(5- 
tetrazoIyDmethyl-tyrosine; 

N-(3,5-dichlorobenzene8ulfoiiyl)-{L)-2(S)-methyl-prolyl-a)-N«- 
beazyl-histidine; 

N-benzenesulfonyl-(L).prolyl-2-amino-2-norbonianecarboxyUc acid; 
N.benzenesulfoiiyl-a)-prolyl.3(R)-methyl-plienylalanine; 
N-benzene8ixlfonyl.(L).prolyl-(L)-2,3-methano-phenylalanine; 
N-ben2ene8ulfonyHL)-prolyl.(D)-2,3-methano-pheiiylalanine; and 
N-(3,5-dichloroben2enesulfonyl)-(L)-2(S).methyl-prolyl-(L)-4-(5- 
((lH,3H)-l,3-dimethylpyrimidine-2.4-dione))-phenylalaiiine. 
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18. A method for the treatment of diseases, disorders 
conditions or symptoms mediated by ceU adhesion in a mammal which 
comprises administering to said mammal an effective amount of a 
compound of Claim 5. 

19. A method for the treatment of asthma, allergic 
rhinitis, multiple sclerosis, atherosclerosis, inflammatory bowel disease 
or mflammation in a mammal which comprises administering to said 
mammal an effective amount of a compound of Claim 5. 

20. A pharmaceutical composition which comprises a 
compound of Claim 6 and a phannaceutically acceptable carrier thereof. 
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